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The Presidential Green Chemistry
Challenge Awards Program

Summary of 1999 Award Entries and Recipients

President Clinton announced the Green Chemistry Challenge on March 16, 1995, as one
of his Reinventing Environmental Regulations Initiatives. According to President Clinton,
the Green Chemistry Challenge was established to “promote pollution prevention and indus-
trial ecology through a new U.S. Environmental Protection Agency (EPA) Design for
the Environment partnership with the chemical industry.” More specifically, the program
was established to recognize and support fundamental and innovative chemical methodolo-
gies that are useful to industry and that accomplish pollution prevention through
source reduction.

EPA Administrator Carol Browner announced the Green Chemistry Challenge Awards
Program on October 30, 1995. She described the program as an opportunity for individuals,
groups, and organizations “to compete for Presidential awards in recognition of fundamental
breakthroughs in cleaner, cheaper, smarter chemistry.” The Green Chemistry Challenge
Awards Program provides national recognition for technologies that incorporate green chem-
istry principles into chemical design, manufacture, and use.

Entries received for the 1999 Presidential Green Chemistry Challenge Awards were
judged by an independent panel of technical experts convened by the American Chemical
Society. The criteria for judging included health and environmental benefits, scientific
innovation, and industrial applicability. Five projects that best met the scope of the program
and the criteria for judging were selected for 1999 awards and nationally recognized on

June 28, 1999.

This document provides summaries of the entries received for the 1999 Presidential
Green Chemistry Challenge Awards. The approaches described in these summaries illustrate
how numerous individuals, groups, and organizations from academia, small businesses,
industry, and government are demonstrating a commitment to designing, developing, and
implementing green chemical methodologies that are less hazardous to human health and the
environment. The approaches described in these summaries also illustrate the technical and
economic feasibility of implementing green chemical methodologies and are recognized for
their beneficial scientific, economic, and environmental impacts.

Note: The summaries provided in this document were obtained from the entries received for the 1999
Presidential Green Chemistry Challenge Awards. They were edited for space, stylistic consistency, and clarity,
but they were not written by nor are officially endorsed by EPA. In many cases, these summaries represent only
a fraction of the information provided in the entries received and, as such, are intended to highlight the nom-
inated projects, not describe them fully. These summaries were not used in the judging process; judging was
conducted on all information contained in the entries received. Claims made in these summaries have not been

verified by EPA.







Academic Award

TAML™ Oxidant Activators: General Activation of Hydrogen

Peroxide for Green Chemistry

Twenty years of research by Professor Terry Collins at Carnegie Mellon University has led
to the successful development of a series of environmentally friendly oxidant activators based
on iron. These TAML™ (tetraamido-macrocyclic ligand) activators catalyze the reactions of
oxidants in general. Their activation properties with hydrogen peroxide in water are of great-
est environmental significance. TAML™ activators arise from a design process invented by
Professor Collins which is complementary to that employed by Nature to produce powerful
oxidizing enzymes. The activators promise extensive environmental benefits coupled with
superior technical performance and significant cost savings across a broad-based segment of
oxidation technology. Users of TAML™ peroxide activators will range from huge primary
extractive-processing industries to household consumers throughout the world. In laborato-
ry tests, the Collins activators have shown this potential in the major industrial application
of wood pulp delignification and in the broad-based consumer process of laundry cleaning.

Annually, bleached pulp has a global value of approximately $50 billion. The key to qual-
ity papermaking is the selective removal of lignin from the white fibrous polysaccharides,
cellulose, and hemicellulose. Wood-pulp delignification has traditionally relied on chlorine-
based processes that produce chlorinated pollutants. It has been clearly demonstrated that
TAML™ activators can provide the Pulp and Paper Industry (P&PI) with the first low-tem-
perature hydrogen peroxide-based delignification technology for treating pulp. The new
process moves the elemental balance of pulp delignification closer to what Nature employs
for degrading lignin, a strategy reflected in the industry’s recent development of totally chlo-
rine free (TCF) bleaching procedures. TAML™ activated peroxide delignification proceeds
rapidly and efficiently at 50 °C indicating that minimal capital will be required to retrofit
existing mills for its use. The new technology is more selective than any other TCF process
and, except at low lignin content, is as selective as the current dominating delignification
technology based on chlorine dioxide. These parameters show that the new technology can
significantly reduce persistent pollutants associated with chlorine-containing delignifying
agents by enabling the industry to use peroxide to remove the majority of lignin from kraft
pulp more selectively and more rapidly.

In the laundry field of use, most household bleaches are based upon peroxide. Here,
TAML™ activators enable the most attractive dye transfer inhibition processes ever developed.
Almost all the approximate 80 dyes used on commercial textiles are safe from TAML™ acti-
vated peroxide while they are bound to a fabric. But in almost every case, should a dye
molecule escape a fabric, the same TAML™ activated peroxide will intercept and destroy it
before it is able to transfer to other fabrics. This attribute and the improved stain removal
properties of TAML™ activated peroxide, offer significant commercial advantages for laundry
products producers. In addition, the combined features translate to both direct and indirect
environmental benefits by enabling laundering that replaces stoichiometric with catalytic
procedures and that requires less water. Numerous other fields of use are anticipated; some
are currently being developed including the use of TAML™ peroxide activators for water dis-
infection.

Terry Collins

Department of
Chemistry,
Carnegie
Mellon
University



Biofine,
Incorporated

Small Business Award

Conversion of Low-Cost Biomass Wastes to Levulinic Acid and
Derivatives

Using biomass rather than petroleum to manufacture chemicals has numerous advan-
tages. Renewable biomass contributes no net CO; to the atmosphere, conserves fossil fuels,
and leads to a secure domestic supply of feedstocks capable of making a huge array of chem-
ical products. Biofine, Incorporated, has developed a high-temperature, dilute-acid hydrolysis
process that converts cellulosic biomass to levulinic acid (LA) and derivatives. Cellulose is ini-
tially converted to soluble sugars, which are then transformed to levulinic acid. The process
is economical even without receiving waste disposal fees for feedstock, and wet feedstocks can
be used without drying, thereby saving energy.

In August 1997, Biofine, the U.S. Department of Energy, the New York State Energy
Research and Development Authority (NYSERDA), and Biometics, Inc. began manufactur-
ing LA from paper mill sludge at a one-ton-per-day demonstration plant at Epic Ventures,
Inc. in South Glens Falls, New York. Biofine’s process had already been demonstrated at a
smaller scale with a variety of cellulosic feedstocks, including municipal solid waste, unrecy-
clable municipal waste paper, waste wood, and agricultural residues. Biofine hopes to serve
the growing need for environmentally acceptable waste disposal options.

LA niche markets provide excellent small-scale opportunities; large-scale opportunities
will open up as Biofine lowers the price of this highly versatile chemical intermediate. LA’s
worldwide market is about one million pounds per year at a price of $4-6/1b. Full-scale com-
mercial plants are feasible at 50 dry ton/day of feedstock. At this scale, LA could be produced
at $0.32/Ib, and converted into commodity chemicals such as succinic acid and diphenolic
acid, which sell for $2/Ib or less, or acrylic acid, which sells for $0.50/1b. Eventually, Biofine
hopes to build larger plants to convert 1,000 dry ton/day of feedstock into $0.04-0.05/1b LA.
The worldwide commercial market for LA and its derivatives could reach one trillion lbs/yr.
Full-scale plant opportunities are being assessed for several locations in the U.S. and world-
wide. One full-scale commercial plant using 1,000 dry ton/day of feedstock could
manufacture more than 160 million lbs/yr of product. Fortunately, Biofine’s technology is
economical for a broad range of plant sizes; even the one-ton-per-day demonstration plant is
self-sufficient at LAs existing price.

Because LA is a platform chemical, it need not be sold as a commodity chemical.
Derivatives are the key to marketability, and markets for such LA derivatives as tetrahydro-
furan, butanediol, gamma butyrolactone, succinic acid, and diphenolic acid exist.
Fortunately, many economical conversion processes are possible. The National Renewable
Energy Laboratory (NREL), Pacific Northwest National Laboratory (PNNL), and Rensselaer
Polytechnic Institute (RPI) are developing market applications and production methods for
other derivatives, including methyltetrahydrofuran (MTHF), a gasoline fuel additive; &
amino levulinic acid (DALA), a broad-spectrum, non-toxic, and biodegradable pesticide; and
new biodegradable polymers.



Alternative Synthetic Pathways Award

Practical Application of a Biocatalyst in Pharmaceutical
Manufacturing

The synthesis of a pharmaceutical agent is frequently accompanied by the use and gener-
ation of a large amount of hazardous substances. This should not be surprising, as numerous
steps are commonly necessary, each of which may require feedstocks, reagents, solvents, and
separation agents. An example of an effort to reduce these hazards, employed by Lilly
Research Laboratories, is the use of an alternate synthetic pathway designed for the environ-
mentally responsible production of a LY300164, a central nervous system compound in the
early stages of development. The original synthesis which was employed to support early clin-
ical development proved to be an economically viable manufacturing process. The approach,
however, involved several problematic steps. The process required the use of large solvent vol-
umes, chromium oxide (a cancer suspect agent) and led to the generation of disproportional
quantities of chromium waste compared to drug produced. These points provided com-
pelling incentive to pursue an alternate synthetic approach.

The new synthetic pathway successfully increased worker safety and limited environmen-
tal impact by offering a strategy which more appropriately controlled oxidation state
adjustments. The new synthesis involved the implementation of several inventive steps on
large scale. In particular, keto-reductase activity of a common microorganism,
Zygosaccharomyces rouxii, was discovered that led to excellent stereocontrol in the asymmetric
reduction of a dialkyl ketone. Implementation of the biocatalytic process was enabled on a
large scale by employing a novel, yet simple, three-phase reaction system. The protocol over-
came long-standing limitations preventing the practical application of yeast-mediated
reductions by allowing high concentrations of the substrate to be charged to the aqueous
reaction medium and by providing a facile method for product isolation. An unprecedented
autoxidation reaction of a C-l aryl isochroman which involved the treatment of the substrate
with air and sodium hydroxide was also discovered that eliminated the use of transition metal
oxidants.

The new process was developed by combining innovations from chemistry, microbiolo-
gy, and engineering. The process circumvented the use of non-recycled metal and
significantly reduced solvent usage. For example, when conducted on a scale to generate 100
kg of LY300164, the new process avoids the use of approximately 34,000 liters of solvent and
eliminates production of approximately 300 kg of chromium waste. In addition, the syn-
thetic scheme proved more efficient as well, with percent yield climbing from 16 to 55%. The
inventive steps of the process represent low cost, easily implemented technology which
should find broad manufacturing applications.

Lilly Research
Laboratories



Nalco Chemical
Company

Alternative Solvents/Reaction
Conditions Award

Water Based Liquid Dispersion Polymers

Annually, at least 200 million pounds of water soluble, acrylamide-based polymers are
used to condition and purify water in various industrial and municipal operations. These
water-soluble polymers assist in removing suspended solids and contaminants and effecting
separations. Conventionally, in order to prepare such polymers in liquid form for safety and
ease of handling, the water soluble monomers, water, and a hydrocarbon (oil) and surfactant
“carrier” mixture are combined in approximately a 1:1:1 ratio (to form an emulsion). The
monomers are then polymerized. Regrettably, the oil and surfactant components of these
inverse emulsions lend no value to the performance of the polymers; they simply allow their
manufacture in liquid form. This means that approximately 90 million pounds of oil and sur-
factant are introduced into the environment (at the current consumption rates) as a
consequence of their use. Until now, there has been no alternative technology available to
manufacture liquid polymers without the obvious environmental disadvantages associated
with the oil and surfactant based carrier systems.

In order to overcome the disadvantages of conventional liquid emulsion polymers, Nalco
has developed a series of new polymer products that are produced through a unique poly-
merization technology that permits the manufacture of these widely used polymers as fine
particles dispersed in aqueous solutions of the inorganic salt ammonium sulfate. Thus, while
the chemistry of the active polymer component is the same, the technology allows for the
production of the polymers as stable colloids in water. Since these dispersion polymers are lig-
uid, they retain the virtues of ease and safety of handling, but employing aqueous salt
solutions instead of hydrocarbons and surfactants as the reaction medium and polymer car-
rier means that no oil or surfactants is released into the environment when the polymers are
used in the water treatment application.

By choosing to manufacture water-based dispersions instead of water-in-oil emulsions,
over one million pounds of hydrocarbon solvent and surfactants have been conserved by
Nalco since 1997 on just two polymers in the product line. There are also benefits over the
water-in-oil emulsion polymers for the users of these products as a consequence of their
water-based formulations. For example, as the products contain no oil, they are safer to trans-
port and use since they are non-flammable and emit no VOCs.

As mentioned, the water-based dispersion polymers make use of ammonium sulfate salt,
a waste by-product from the manufacture of caprolactam, the precursor to nylon. The prepa-
ration of water-based dispersion polymers instead of water-in-oil emulsions allows Nalco to
recycle and make use of this by-product from another industry for water treatment and
purification. Choosing to produce these polymers as water-based dispersions instead of as
water-in-oil emulsions allowed Nalco to utilize over 3.2 million pounds of caprolactam-pro-
duced ammonium sulfate in 1998 alone.

Finally, because these new polymers are water based, they dissolve readily in water with-
out the complex and relatively expensive mixing and feeding equipment that is required for
the use of water-in-oil polymers. This distinct advantage provides new opportunities for
medium and smaller sized operations to treat wastewater streams cost effectively.



Designing Safer Chemicals Award

Spinosad, A New Natural Product for Insect Control

Estimates of monetary losses in crops as a result of uncontrolled insect infestations are
staggering, far in excess of the current $12 billion dollar market for insect control products.
Man’s continuing quest to control damaging insect pests in crops or on property has spawned
several eras of agricultural insect control, most recently the advent of synthetic organic chem-
icals as insecticides. However, the development of resistance has reduced the effectiveness of
many of the currently available insecticides, and more stringent environmental and toxico-
logical hurdles have restricted the use of others.

It was against this backdrop that researchers at Eli Lilly and Company introduced high
volume testing of fermentation isolates in agricultural screens in the mid-1980s. From this
program, the microorganism Saccaropolyspora spinosa was isolated from a Caribbean island
soil sample, and the insecticidal activity of the spinosyns, a family of unique macrocyclic lac-
tones, was identified and developed by Dow AgroSciences as highly selective,
environmentally-friendly insecticide.

In Latin, “saccharopolyspora” means “sugar-loving, with many spores”, and “spinosa”
refers to the spiny appearance of the spores. The microorganism is an aerobic gram-positive,
non-acid fast, nonmotile, nonfilamentous bacterium. Most of the activity is produced by a
mixture of spinosyn A and spinosyn D, assigned the common name of spinosad. Spinosad
combines highly efficacious control of many chewing insect pests, in cotton, trees, fruits, veg-
etables, turf, and ornamentals with superior environmental profile, mammalian and
non-target safety. Insects exposed to spinosad exhibit classical symptoms of neurotoxicity,
including lack of coordination, prostration, tremors, and other involuntary muscle contrac-
tions eventually leading to paralysis and death. Detailed investigations of the symptomology
and electrophysiology have indicated, however, that spinosad is not acting through any
known mechanism. It appears to effect insect nicotinic and gamma-aminobutyric acid recep-
tor function through a novel mechanism.

Spinosad presents a favorable environmental profile. Spinosad does not leach, bioaccu-
mulate, volatilize or persist in the environment. Hundreds of innovative product
development trials conducted over several years characterized the activity and determined
that spinosad left 70 to 90% of beneficial insects and predatory wasps unharmed. The low
levels of mammalian toxicity result in reduced risk to those who handle, mix and apply the
product. Similarly, relatively high margins of safety for avian and aquatic species translate into
reduced or non-existent buffer zones and fewer regulated non-target compliance measures.
These advantages allow growers to control damaging crop pests with fewer concerns about
human or environmental safety and costly secondary pest outbreaks.

The first product containing spinosad (Tracer Naturalyte™ Insect Control) received expe-
dited review by the U.S. EPA and was granted registration as a “reduced risk” insect control
product for cotton in early 1997. Additional registrations, introduced as SpinTor™, Success™,
Precise™, and Conserve™, have recently been granted for insect control in vegetable and tree
crops and in the urban environment for control of turf and ornamental plant nests.

Dow
AgroSciences
LLC
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Entries from Academia

Affordable Composites from Renewable Sources
(ACRES)

In the past two years, the ACRES group examined several hundred chemical pathways to
convert soyoil to high-performance plastics, adhesives, and composites and developed afford-
able soy resins that are compatible with high-volume composite manufacturing processes.
New soy-based plastics and adhesive materials are being evaluated and tested by end-users
and converters for high-volume applications in agricultural equipment (tractors and farming
machines), automotive (car and truck parts), civil (bridges and highway components), marine
(pipes and offshore equipment), rail infrastructure (carriages, box cars, and grain hoppers),
and the construction industry (formaldehyde-free particle board, ceilings, engineered lum-
ber). Recent advances in genetic engineering, natural fiber development, and composite
science offer significant opportunities for new, improved materials from renewable resources
with enhanced support for global sustainability.

Atom Transfer Radical Polymerization

Atom transfer radical polymerization (ATRP) is a new technology that allows for the
development of novel, high-performance polymeric materials. The process utilizes a transi-
tion metal catalyst, which can be recycled, to mediate the control of a radical polymerization.
The polymerization process allows for the direct preparation of polymer in bulk monomer,
precluding the use of volatile organic compounds (VOCs) to moderate the rate of polymer-
ization. Additionally, ATRP can be conducted in environmentally friendly solvents such as
water or carbon dioxide (CO,). The products prepared by ATRP are advanced materials that
can help solve current and future environmental/health concerns. An example is the prepa-
ration of self-plasticizing poly (vinyl chloride) (PVC), which can be used to replace harmful
phthalates that are currently used to soften PVC used in children’s toys.

Biobased Adsorbents for Desiccant Coolers

Revised standards for acceptable indoor air quality have doubled ventilation requirements
for commercial buildings and retail establishments. The need to dehumidify the additional
air flow, combined with concerns about the phase-out of freons and the need to control costs
of dehumidifying and cooling air, have led to an increase in the use of desiccant wheels.
When combined with heating, ventilation, and air-conditioning systems, desiccant wheels
save both capital and operating costs, according to a Gas Research Institute funded study.

Since desiccant wheel systems can dry and cool large volumes of air, they have the poten-
tial to supplant CFC and HFC refrigerants associated with compression-type
air-conditioning systems. The current production of desiccants is about 180 million pounds
per year. Approximately half of this is attributed to molecular sieves, and 25% are silica gels.
The potential of starch and cellulose as drying agents for fuel alcohol was reported in Science
in 1979 and scaled up for industrial use by 1984. Ground corn is used in an adsorption
process that replaces azeotropic distillation to dry approximately 750 million gallons of fuel
ethanol annually. The corn-based adsorbent proved to save energy while avoiding the need to
use benzene as the drying agent.

The fundamental research and demonstration of the potential of starch- and cellulose-
based adsorbents for desiccant air coolers, is an on-going research project at Purdue



University that evolved from the first application of corn grits to the drying of fuel alcohol.
Cross-disciplinary research at Purdue University has shown that starch, cellulose, and corn-
based materials are potentially suitable for desiccant wheels. These adsorbents are biologically
based (biobased). Unlike silica gels and other inorganic adsorbents, biobased desiccants are
less expensive, biodegradable, and are derived from a renewable resource. Their low cost and
wide availability could hasten adaptation of environmentally friendly air-conditioning sys-
tems for residential as well as commercial uses.

Bioconversion of Carbon Dioxide into Organic
Feedstocks

It has been established that emissions of carbon dioxide gas are responsible for about half
of the increase in global warming. Efforts to decrease the consumption of fossil fuels are lim-
ited by increasing human population and industrialization and the fact that alternatives to
fossil fuels all have important limitations. It is a matter of considerable urgency not only to
conserve fossil fuel reserves, but also to search for means to recycle their main combustion
product, which is carbon dioxide. In this regard, a unique bioprocess has been developed that
is capable of converting waste carbon dioxide gas into algae, which is subsequently ferment-
ed into a variety of organic feedstocks, such as methane and acetic acid. Previous attempts to
utilize phototrophic bacteria for fixation of carbon dioxide gas were limited by the following
facts: photosynthesis by phototrophic bacteria requires anaerobic conditions, which requires
that carbon dioxide gas has to be separated from oxygen and is an expensive process; unlike
algae, phototropic bacteria require a wide spectrum of light, which limits their light source to
sunlight.

In the work of Dr. Rakesh Govind and Rajit Singh at the University of Cincinnati, a
marine algae, Tesraselmis suecica, has been used successfully in a photobioreactor using light
emitting diodes (LEDs) with a specific wavelength of 680 nm and a gas residence time of a
few seconds. More than 98% removal efficiency of carbon dioxide gas from typical coal fired
power plant stack gases was achieved experimentally at 3 seconds gas residence time at ambi-
ent temperature and pressure. The algae was separated from the aqueous phase by settling in
a clarifier, and then converted under anaerobic conditions using electrodialytic fermentation
to acetic acid and methane in a batch reactor with yields of over 85% to acetic acid and 89%
to methane gas. Catalytic conversion of methane gas to methanol and other organic feed-
stocks has been established in the literature. Thus, this process offers several advantages:
bioconversion of waste carbon dioxide gas to useful organic feedstocks at ambient tempera-
ture and pressure, high conversion efficiencies of carbon dioxide gas to algae and
subsequently to acetic acid and methane, and rapid reaction rate in the photobioreactor to
produce algae. Economic estimates of the technology have shown that this technology can be
easily implemented at power plant sites and acetic acid can be manufactured at less than half
the current costs of manufacturing acetic acid from natural gas or crude oil resources.

Biosynthetic Production of p-Hydroxybenzoate Improves
Regiospecificity and Minimizes Byproduct Generation

The work of Steven W. Peretti at North Carolina State University illustrates the utility of
biocatalysis in effecting green chemistry by focusing on the development of an innovative,
alternative, biosynthetic pathway for the production of p-hydroxybenzoate (HBA).
Biocatalytic production of HBA provides improved regiospecificity over the two-step Kolbe-
Schmitt carboxylation of phenol, the current state of the art. Due to the specificity of enzyme

Dr. Rakesh Govind and
Rajit Singh,
Department of
Chemical Engineering,
University of Cincinnati
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Department of
Chemical Engineering,
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catalyzed reactions, significant source reductions in the generation of waste byproducts are
obtained. Increased levels of safety for both the environment and human health are achieved
due to the mild reaction conditions employed. HBA production can now be achieved by a
single processing step, a unique feature that cannot be accomplished using traditional chem-
istry.

HBA production is achieved by contacting an active cell mass with toluene. The toluene
passively diffuses into the cells and is transformed through a series of intracellular enzymatic
reactions to HBA. Since the pathway for HBA catabolism is blocked through the use of
chemical mutagenesis, the HBA generated from toluene conversion is neither incorporated
into cellular material nor oxidized for energy, but instead is secreted out of the cell and into
the culture media. The HBA can then be recovered by precipitation from an acidified process
stream following removal of cell mass.

Cheminfomatics: Faster, Better, Cheaper Chemical
Analysis Software

Mass spectrometry (MS) data analysis algorithms have been developed that, when com-
bined with large-volume gas chromatography (GC) sample injection, provide quantitative
analysis of a wide range of EPA targeted pollutants in <10 min and semiquantitative data in
five min by GC/MS. Soil analysis data were produced in the field, verified by EPA, and used
to determine risk to ground water and to delineate the extent of contamination within the
airfield at Hanscom Air Force Base. The proposed technology significantly reduces sample
preparation time, solvent consumption, the need for multiple methods of analysis to analyze
the wide range of EPA target compounds, and improves laboratory productivity by a factor
of 3 to 6. In addition to MS, the core algorithms are applicable to any detection system that
produces narrow band, characteristic signals including atomic emission detection (AED) for
metals. For example, the same deconvolution algorithms should untangle overlapping spec-
tral signals, as they do for GC/MS, in techniques such as liquid chromatography/MS
(LC/MS), capillary electrophoresis/MS (CE/MS), and inductively coupled plasma/AED and
MS applications. Faster run times mean less solvent consumption when operating LC/MS
and CE/MS instruments. This is especially important when one considers the explosion in
the number of LC/MS assays that will be required in the biopharmaceutical markets now that
one chemist can synthesize 1,000 to 10,000 new compounds per year as compared to 10
because of advances in combinatorial chemistry technology.

Chrome-Free Single-Step In-Situ Phosphatizing
Coatings

Economic losses resulting from corrosion of metals have been said to amount to billions
of dollars per year and to be of the magnitude of 4 percent of the gross national product. In
commercial practice, organic polymer coatings have been used in both commercial coating
industries and the military to protect metal substrates against corrosion. The current organ-
ic coating on metals involves a multistep process and considerable energy, labor, and control.
The traditional phosphate treatment process for preparing metal prior to painting is a costly
and error-prone process. For example, information provided by Caterpillar Tractor’s
Montgomery, Illinois, plant for the cost per year of its hydraulic tube phosphating line is
$330,000 (water/wastewater treatment = $70,000; chemicals = $36,000; labor = $166,000;
steam = $50,000; and electricity = $8,000). In addition, the use of corrosion inhibitors, the
phosphating line baths, and the chromate sealing process in the current multistep coating



practice generates toxic wastes such as chlorinated solvents, cyanide, cadmium, lead, and car-
cinogenic chromates.

The innovative green chemistry technology of chrome-free single-step in situ phosphatiz-
ing coatings (ISPCs) is a one-step self-phosphating process. The unique chemical principle of
ISPCs is that an optimum amount of in situ phosphatizing reagents (ISPRs) are predispersed
in the desired paint systems to form a stable and compatible one-pack coating formulation.
The formation of a metal phosphate layer in situ will essentially eliminate the surface pre-
treatment step of employing a phosphating line/bath. The ISPRs form chemical bonds with
polymer resin that act to seal and minimize the porosity of the in situ phosphated substrate.
The use of chemical bondings to seal the pores of metal phosphate in situ should enhance
coating adhesion and suppress substrate corrosion without a post-treatment of final rinses
containing chromium (Cr*).

Design of Rubberized Concrete From Recycled Rubber
Tires

The United States produces about 279 million scrap tires per year. In addition, about 3
billion used tires are currently stored in waste piles throughout the country. Solid waste man-
agement experts recognize the need to recycle, reuse, or reduce the waste rubber tires, since
this would lead to a direct diminution of waste tires in landfills. A number of processes have
been suggested for reusing the waste rubber. Using tires as fuel and as asphalt material has
provided only limited success. The work of Dr. Dharmaraj Raghavan at Howard University
has led to the development of a technology that mixes rubber particles from scrap tires into
portland cement resulting in a lighter material with improved performance of mortar and
probably concrete.

The worldwide production of cement exceeds 1 billion tons annually, with the possibili-
ty of it nearly doubling in the next 14 years. Cement based materials are inexpensive, easy to
produce, and possess valuable engineering properties such as high durability and compressive
strength. One of the major shortcomings of cement based material is the vulnerability of con-
crete to catastrophic failure and to plastic shrinkage cracking. An encouraging finding was
that plastic shrinkage cracking can be reduced significantly and the vulnerability of concrete
to catastrophic failure can be greatly diminished by the addition of sufficient fibrous rubber.
Chemical tests of the rubber retrieved from rubberized concrete showed no evidence of rub-
ber undergoing any degradation and consequently no threat of released chemicals from the
leached rubber into the environment. Possible uses of the rubberized concrete would be in
subbases for highway pavements, highway medians, sound barriers, and other transportation
structures. Currently the United States spends $250 billion annually on infrastructure pro-
jects. Even if rubberized concrete replaced only a small fraction of the conventional
infrastructural material, the ramifications to the civil and composite industries will be sub-
stantial. The technology to reuse rubber tires into cement system yields value-added
infrastructural material, while eliminating the imminent threat of health hazard and explo-
sion potential because of the flammable nature of rubber tires.

1
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Effects of the Corrosion of Elemental Iron on Heavy
Metal Contamination from Pyrite Oxidation

The activity of corroding iron metal is examined in the acid rock drainage (ARD) to
determine the effectiveness in neutralizing the ARD and reducing the load of dissolved heavy
metals in solution and soils. In acidic solution, iron hydrolyzes water producing hydride and
hydroxide ion resulting in a concomitant increase in pH, decrease in Eh, and removal of dis-
solved heavy metals by a variety of mechanisms. A colloidal iron batch reactor effectively
treats ARD from Berkeley Pit, Montana. Iron columns effectively treat soil column water and
model ARD solution leachates. A model ARD solution (bisulfate buffer pH = 4) with dis-
solved zinc was treated with colloidal metallic iron. Kinetic studies demonstrated the first
order dependence of the initial rate of reaction on the surface area of metallic iron where the
rate of the disappearance of zinc is —tZn = 1.2*AFe. The reaction half-life of dissolved zinc
removal from solution was 140 minutes. X-ray diffraction analysis of the oxidized bulk solids
from these experiments indicated green rust, magnetite, and goethite structures. Corroding
iron also creates a reducing environment supportive for sulfate reducing bacteria (SRB)
growth, increasing populations 5,000 fold to provide sulfidogenesis as an additional pathway
to further stabilize heavy metal precipitates.

Effluent-Free Process for Use of Oxygen in Place of
Chlorine Compounds in Wood-Pulp Bleaching

A completely new approach to the delignification of wood or wood pulp—composites of
cellulose and lignin—for paper manufacture has been developed. This chemistry achieves a
goal no other technology developed thus far does, but one that is operable in nature—the
selective delignification of wood or wood pulp using only the readily available and nontoxic
agents air and water. Wood is comprised principally of two biopolymers: cellulose, which
imparts strength to trees and paper, and lignin, which imparts color, texture, and mechanical
properties to wood. The goal in the manufacture of high-quality paper is to remove the lignin
with as little damage to the cellulose fibers as possible (high-quality paper is composed of
lignin-free cellulose fibers).

Nature carries out this chemically and technically challenging multistep process by using
a complex ensemble of selective metalloenzymes (glyoxal oxidase, ligninase, and Mn peroxi-
dase). The pulp and paper industry, since its inception many decades ago, has yet to achieve
what nature has. Chlorine compounds, not O,, have been the dominant oxidants. While
decades of optimization have led to highly selective delignification (minimally damaged cel-
lulose), these man-made technologies produce waste streams that contain environmentally
deleterious phenolic compounds as well as nonbiodegradable chloroaromatics. In conse-
quence, societal and legislative pressure in all developed countries is compelling pulp
manufacturers to phase out chlorine. The most attractive alternative oxidants, hydrogen per-
oxide (H,0,) or ozone (O3) are encumbered by inherent limitations. Hydrogen peroxide is
simply not effective. Ozone processes, while potentially effective, fall far short of the selectiv-
ity required for general commercial use or of the selectivity seen in nature.

The new catalytic biomimetic approach uses versatile, nontoxic, and inexpensive inor-
ganic clusters known as polyoxometalates (POMs) in two steps. The first step involves
delignification of wood pulp (bleaching) by reaction with the oxidized POM providing high-
quality cellulose fibers. As the POM is reversibly reduced, the lignin is oxidized and
solubilized. In the second step, O, is added to the bleaching liquor and the same POM cat-

alyzes the complete conversion (mineralization) of the dissolved lignin fragments to CO; and



H,O. The two steps sum to the selective removal of lignin from wood, using only air and
water, an ideal process that only nature has achieved to date. This biomimetic and catalytic
technology eliminates the environmental problems associated with conventional chlorine-
based processes while overcoming the limitations inherent in other chlorine-free pulp
bleaching strategies. It is green in at least six ways including the complete elimination of waste
streams (a “closed process” is achieved). The high selectivity entails less consumption of the
natural renewable resource, wood. It is energy efficient and as current analyses indicate, cost-
effective.

Engineered Baker’s Yeast as a Means to Incorporate
Biocatalysis Early in Process Design: Application to the
Asymmetric Baeyer-Villiger Oxidation

While enzymes provide many advantages over traditional chemical reagents, they are gen-
erally applied to processes only during scale-up stages. It would make better economic and
environmental sense to include biocatalytic methods during the initial discovery phase; how-
ever, this would require making biocatalysis accessible to bench chemists who often have no
background in biochemistry or microbiology. Dr. Jon D. Stewart at the University of Florida
has developed designer yeast, ordinary baker’s yeast cells that have been engineered to express
one or more foreign proteins. Whole cells of these engineered yeasts can be used directly as a
biocatalyst for organic synthesis. As proof of principle, Dr. Stewart’s group has created a yeast
strain that catalyzes a broad array of enantioselective Baeyer-Villiger oxidations. While this
reaction plays an important role in laboratory-scale syntheses, the severe environmental and
safety problems associated with current reagents prohibit its large-scale use. Acinetobacter
cyclohexanone monooxygenase was expressed in Saccharomyces cerevisiae and whole cells of
the engineered yeast were used to oxidize several ketones in good yields and with high enan-
tioselectivities. This process uses atmospheric O; as the oxidant and produces water as the
only byproduct. Cell biomass and spent culture medium can be discarded in sanitary sewers
after heat inactivation.

Environmental Advantages Offered by Indium-
Promoted Carbon-Carbon Bond-Forming Reactions in
Water

In view of increasing demands to reduce emissions during the production of chemical and
pharmaceutical end-products, it is imperative to consider the development of effective car-
bon-carbon bond forming reactions in aqueous media. The work of Dr. Leo A. Paquette at
The Ohio State University demonstrates not only that the counterintuitive notion of
organometallic carbon-carbon bond-forming reactions performed in water is indeed work-
able, but also that high levels of stereocontrol are attainable. The key to this safe,
environmentally friendly technology is the utilization of metallic indium as the promoter.
The metal indium, a relatively unexplored element, has recently been shown to offer intrigu-
ing advantages for promoting organic transformations in aqueous solution. The feasibility of
performing organometallic/carbonyl condensations in water, for example, has been amply
demonstrated for the metal indium. Indium is nontoxic, very resistant to air oxidation, and
easily recovered by simple electrochemical means, thus permitting its reuse and guaranteeing
uncontaminated waste flow. The power of the synthetic method, which often can exceed per-
formance levels observed in purely organic solvents, includes no need for protecting groups,
greatly enhanced ease of operation, and greatly reduced pollution risks.
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Environmentally Benign Supramolecular Assemblies of
Hydroquinones in Polaroid Instant Photography

The work of Professor John C. Warner at the University of Massachusetts, Boston repre-
sents the first example of supramolecular synthesis in a manufacturing system for pollution
prevention. Using the concepts of molecular recognition and self-assembly, a new technique
has been developed for the control of molecules within films and coatings. This process has
a number of environmental benefits including reduced synthetic steps, reduced waste gener-
ation, reduced solvent usage, and the introduction of solventless or aqueous processing.
Instead of performing several time consuming, solvent-based, chemical reactions in order to
synthesize a series of candidate compounds for structure activity studies, this technique allows
for the addition of simple, inexpensive, readily available ‘complexing reagents.” For this to be
successful as pollution prevention, these assemblies must significantly reduce the number of
synthetic reactions carried out. Often the formation of these assemblies involve no organic
solvents. The supramolecular structures can be constructed via solid state grinding or aque-
ous dispersing techniques.

Enzymes in Large-Scale Organic Synthesis

This nominated project is concerned with Wong’s original contributions in the develop-
ment of novel enzymatic and chemo-enzymatic methods for large-scale organic synthesis.
Three significant achievements in this field include: a breakthrough technology for oligosac-
charide synthesis using genetically engineered glycosyltransferases coupled with in situ
regeneration of sugar nucleotides, which has enabled the large-scale synthesis of complex car-
bohydrates for clinical evaluation; the use of enol esters (e.g., vinyl acetate and
isopropenylacetate) in enzyme-catalyzed transesterification reactions, which has been a wide-
ly used method for enzymatic synthesis of enantiomerically pure hydroxy compounds; and
the use of recombinant aldolases for asymmetric aldol reactions, which has opened a unique
and practical route to novel monosaccharides and related structures, including, for example,
sialic acids, L- configurated sugars, and iminocyclitols. Other important enzymatic methods
developed by Wong include the synthesis of glycopeptides, glycoproteins, chiral amines,
prostaglandins, and numerous chiral synthons. All these synthetic transformations are envi-
ronmentally friendly for use in large-scale processing and are important for the
pharmaceutical and fine chemical industries. They are, however, impossible or impractical to
achieve by nonenzymatic means.

Fluorous Biphasic Catalysis: A New Paradigm for the
Separation of Homogeneous Catalysts From Their

Reaction Substrates and Products, as Demonstrated in
Alkane and Alkene Oxidation Chemistry

Fluorous biphasic catalysis (FBC) is a new concept for homogeneous catalysis where the
fluorocarbon soluble catalyst and the substrates/products reside in separate phases. The work
of Dr. Richard H. Fish, Lawrence Berkeley National Laboratory, presents the synthesis of a
novel fluoroponytailed ligand, tris-N-(4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecaflu-
oroundecyl)-1,4,7-triazacyclononane (RfTACN), that is soluble in the perfluoroalkanes
[Mn(O,C(CH,);CsF17)2] and [CO(O,C(CH;);CsF17)2]. The initial results on the function-
alization (oxidation) of alkanes/alkenes, using in situ generated fluorous phase soluble
ReMn,+-RFTACN and RfCor+-RfTACN complexes (Rf = CsFy7) as the precatalysts, in the



presence of t-butyl hydroperoxide (-BuOOH) and O, gas as oxidants, demonstrated that
alcohols, aldehydes, and ketones could be produced catalytically and that the oxidation prod-
ucts and fluorous phase soluble precatalysts were indeed in separate phases. The fact that
fluorocarbon solvents are relatively nontoxic provides the FBC concept with an entry to the
new “Green Chemistry” regime of being environmentally friendly, and therefore, attractive
to a wide variety of industrial processes for the ultimate catalytic production of important
organic chemicals worldwide.

Generation of Hydrogen Peroxide in Carbon Dioxide

Hydrogen peroxide is currently produced via the sequential hydrogenation and oxidation
of a 2- alkyl anthraquinone. While H,O; is generally considered to be a green reagent, the
anthraquinone process generates several waste streams and also exhibits inefficiencies from
both a raw material and energy use standpoint. Functionalized anthraquinones (FAQ’s) have
been generated that are miscible with carbon dioxide, thus making it possible to generate
hydrogen peroxide in liquid CO,. Use of CO; as the sole process solvent ameliorates several
environmental and engineering problems inherent to the process, including (a) eliminating
the contamination of the product during its recovery by liquid-liquid extraction into water,
(b) minimizing degradation of the anthraquinone during hydrogenation by allowing control
of residence time distribution in the reactor, and (c) optimizing throughput through each
reactor via elimination of mass transport limitations, which also reduces energy input. Not
only is the use of CO; as a solvent a green route to hydrogen peroxide manufacture, but it is
also economically feasible owing to the ability to recover the product without employing a
large pressure drop, ready recycling of the functionalized anthraquinone, and operation at rel-
atively low absolute pressure and in concentrated solution owing to the characteristics of the

FAQ-CO; phase diagram.

Green Chemistry Through the Use of Supercritical
Fluids and Free Radicals

The research of Professor James M. Tanko at Virginia Polytechnic Institute and State
University explores the use of supercritical carbon dioxide (SC-CO,) as a replacement for
many of the toxic and/or environmentally threatening solvents used in chemical synthesis.
The project demonstrated that SC-COs is a viable, “environmentally benign” alternative, and
there are numerous advantages from a chemical perspective associated with the use of SC-
CO,. This work led to the development of a new, environmentally friendly chemical process
for hydrocarbon functionalization and C-C bond formation.

SC-CO; is especially attractive because its critical parameters (temperature and pressure)
are moderate, thereby permitting access to the supercritical state without a disproportionate
expenditure of energy. The newly developed hydrocarbon functionalization accomplishes (in
a single, high-yield step) a transformation that would normally require multiple steps and the
use of toxic reagents or strong acids and bases. This reaction should scale-up readily for large
scale (or industrial) applications.
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Green Separation Science and Technology: Using
Environmentally Benign Polymers to Replace VOCs in
Industrial Scale Liquid/Liquid or Chromatographic
Separations

One area of opportunity for new chemical science and engineering technology, which will
help meet the goals of Technology Vision 2020, is the development of new separations tech-
nologies that eliminate the use of flammable, toxic VOCs as industrial solvents. Used in
conjunction with, or instead of, appropriate current manufacturing processes, such tech-
nologies would help to prevent pollution and increase safety. The nominated technologies are
based on the use of water soluble polyethylene glycol polymers in either liquid/liquid (aque-
ous biphasic systems—ABS) or chromatographic (aqueous biphasic extraction
chromatographic resins—ABEC) separations. Two patented technologies are highlighted: a)
applications in radiopharmacy to allow the use of cleaner neutron-irradiated isotopes rather
than fission-produced isotopes, and b) applications in remediation where reduction of sec-
ondary waste streams or conventional technologies are anticipated. The separations approach
followed in developing these technologies suggest a wider industrial application for VOC-free
separations. Within a paradigm of pollution prevention and with industry participation, a
tool-box approach to Green Separation Science & Technology can be developed based on the
use of environmentally benign polymers.

In Vivo Synthesis of Lepidopteran Pheromone Precursors
in Saccharomyces Cereviseae: An Economical Process for
the Production of Effective, Nontoxic, Environmentally

Safe Insect Control Products

Since the advent of DDT more than 50 years ago, broad spectrum neurotoxic insecticides
have provided the principal means for the control of economically important insects in agri-
culture and public health programs. Whereas the use of synthetic insecticides initially resulted
in spectacular increases in crop yields and the suppression of some important human and ani-
mal disease vectors, the development of insecticide resistance in insect pest populations and
the environmental damage caused by insecticides were quickly recognized as serious draw-
backs to their use. Today the environmental and human health effects associated with the
manufacture and use of insecticides for pest control are widely recognized, including their
acute toxicity to nontarget organisms (including human applicators), their persistence in the
biosphere, and major point-source pollution associated with their manufacture. Despite these
effects, the scale of release of active ingredients in insecticide formulations into the global
environment is enormous; in the United States alone it is more than 400 million kg/year.

Pheromones have been used on a worldwide basis for the control of insect pests for more
than 15 years. Unlike conventional broad-spectrum insecticides, pheromones are nontoxic
and highly specific for the species they are intended to control. Unfortunately, their effec-
tiveness and selectivity depend upon high chemical and stereo-specific purity, making them
expensive to synthesize. The latter factor has limited their commercial success versus conven-
tional insecticides. The major market for pheromone-based disruption products is in the
United States, and amounts to less than $50 million/year. In contrast, the worldwide insec-
ticide market is greater than $6 billion/year. The goal of the work of Dr. Douglas C. Knipple
at Cornell University is to develop a cheaper process for pheromone synthesis. Toward this
goal, he has proposed to use genetic and molecular technology to clone and functionally



express in vivo genes encoding desaturase enzymes present in the pheromone glands of adult
female moths, which catalyze the formation of key unsaturated pheromone intermediates.
Accomplishment of the technical objectives of this work will contribute materially and
methodologically to development of an alternative biosynthetic process for commercial
pheromone production. Achievement of the latter goal will significantly improve the eco-
nomic competitiveness of existing pheromone products, and could provide the basis for the
expansion of this promising insect control technology into other markets.

Metal Extraction and Recovery Using Carbon Dioxide

Recovery of metals from dilute solution, whether the matrix is solid or liquid, remains a
considerable technical and financial challenge. Methods currently exist whereby metals can
be extracted from either type of matrix, yet these methods consume significant quantities of
reagents and can also generate multiple waste streams in the process. Technology developed
in the lab of Eric J. Beckman, University of Pittsburgh, over the past three years allows effi-
cient application of environmentally benign CO, to a number of separation problems
involving metals. For example, biphasic mixtures of CO; and water have been employed as a
green acid leach medium. Metals have been extracted from a steelmaking process residue and
then recovered as metal carbonates through depressurization. In this process, metals are
extracted and recovered without the use of reagents other than CO; and water, and CO; is
sequestered as a solid. In addition, through synthesis of CO,-miscible phase transfer agents,
CO; can replace the organic solvent currently used in refining of precious metals. The sensi-
tivity to pressure of phase behavior in a CO,-mixture may allow significant streamlining of
the process as well. Finally, CO»-soluble chelating agents have been used to extract toxic met-
als from acidic effluent such as that found in plating facilities.

Microwave-Induced Organic Reaction Enhancement
(MORE) Chemistry for Eco-Friendly Synthesis

Microwave assisted organic synthesis is an emerging technology of great potential. Dr.
Ajay K. Bose at the Stevens Institute of Technology has contributed to this field through the
development of nontraditional methods for using domestic microwave ovens for conducting
a wide variety of organic reactions that are fast, safe, and friendly to the environment. Dr.
Bose’s group has shown that for a wide variety of reactions, microwave irradiation of reaction
mixtures in open glass vessels can lead to faster reaction rates, fewer byproducts, and higher
steric control. Since microwaves interact directly with molecules with dipoles, there is little
need for a liquid medium to convey heat from the glass walls as in conventional heating. The
key features of Microwave-Induced Organic Reaction Enhancement (MORE) chemistry
techniques are the use of limited amounts of high-boiling solvents (or no solvents)—enough
to form the reaction mixture into a slurry at room temperature—and efficient control of
microwave energy input to reach the desired reaction temperature without allowing the reac-
tion mixture to come close to its boiling point. Such reactions can be completed on several
hundred grams scale in a few minutes. Larger scale synthesis should be possible by using com-
mercial microwave equipment used by the food industry.

The elimination or reduction of the use of organic solvents, and the purer products
formed, lead to reduced chemical waste (e.g., organic solvents for reactions and recrystalliza-
tion and chromatographic material for purification). To demonstrate ‘atom economy’ (more
products for all the chemicals used) and the versatility of MORE chemistry techniques, Dr.
Bose’s group has conducted multistep synthesis (including one-pot reactions for two or more

17

Eric J. Beckman,
Chemical Engineering
Department, University
of Pittsburgh

Dr. Ajay K. Bose,
Stevens Institute of
Technology



Dr. Mono M. Singh,
National Microscale
Chemistry Center,
Merrimack College

H. Alan Rowe,
Department of
Chemistry/Center for
Materials Research,
Norfolk State
University

Dr. Dharmaraj
Raghavan, Department
of Chemistry, Howard
University

18

steps) of advanced intermediates for lactam antibiotics, amino sugars, alkaloids, and other
biologically active compounds such as Taxol. They have also found that an efficient and eco-
friendly nitration method can be accomplished by irradiating with microwaves, have
observed mild acceleration of chemoenzymatic reactions under low-intensity microwave irra-
diation, and have devised a very eco-friendly oligopeptide synthesis that needs no
conventional peptide bond forming agents. In brief, MORE chemistry techniques can make
very significant reduction of pollution at the source for small-scale as well as large-scale syn-
thesis and thus make the development and production of life-saving drugs more eco-friendly.

National Microscale Chemistry Center: The Leader in
Worldwide Implementation of Microscale Technology

The simplest definition of Green Chemistry is “the use of chemistry techniques and
methodologies that reduce or eliminate the use or generation of feedstocks, products, byprod-
ucts, solvents, reagents, etc., that are hazardous to human health or the environment.” While
more commonly being applied to industrial applications, the concepts of Green Chemistry
also have been incorporated into education pedagogy, using microscale laboratory methods.
The microscale chemistry technique is a laboratory-based educational program, resulting in
waste reduction at the source; elimination of toxic emissions, fire, and accident hazards;
enhancement of a healthful laboratory environment; and significant cost savings. Microscale
methodology uses minute amounts of chemicals (50 mg of solids, 500 pL of liquids on aver-
age); new methods for determining physical properties; milder and safer alternative reaction
conditions; alternative benign solvents; and different synthetic pathways, often employing
catalytic and other environmentally safe techniques. The National Microscale Chemistry
Center was established at Merrimack College in 1993. The center offers workshops, training,
and other related support to teachers and industrial chemists in microscale chemistry tech-
niques. Currently, more than 2,000 institutions in the United States have, either fully or
partly, adopted this approach. NMC,; is also the lead site of an international consortium pro-
moting the microscale/Green Chemistry revolution.

New Reducing Sugar Assay

The chemical measurement of reducing sugars [sugars containing hemiacetal/hemiketal
groups] is common in biochemical research and teaching laboratories. The currently avail-
able methods depend on the reaction of copper ions in hot alkaline solution with complexing
and color-forming reagents. Typically, tartrate is used as the complexing agent and a solution
of molybdenum and arsenate ions for the color-forming reagent [the arsenomolybdate
reagent]. The arsenomolybdate reagent has a limited shelf-life and is extremely toxic. This
presents formidable problems in the use and disposal of the assay solution. This solution must
be stored as waste and disposed of commercially. The original assay outlined here is a proce-
dure that uses a more stable complexing agent (EDTA) and replaces arsenate with phosphate
in the color-forming complex. The materials produced in this assay are much more benign.

Novel Applications of Polymer Composite from
Renewable Materials

Metal corrosion costs the United States about 4.2% of its gross national product, or more
than $250 billion in 1996. To improve the longevity of the engineered material, the surface
coatings must be refurbished to meet design requirements. Recoating the surface involves



paint stripping and application of a fresh paint coating. Traditional stripping methods
employ the organic solvent methylene chloride. Methylene chloride is carcinogenic and poses
a health risk to the maintenance crew. Consequently, the aircraft maintenance industry has
begun to utilize alternative approaches for depainting aircraft. One method that has proved
reliable is dry-blasting to remove the paint coating mechanically. The depainting process
using blast media, however, is reported to be the largest single source of solid waste on mili-
tary bases where aircraft repainting is performed.

The work of Dr. Dharmaraj Raghavan at Howard University addresses the development
of an organic coating removal technique based upon renewable plastic media. As such, the
degradable dry-blast process is developed so as to eliminate 90 to 97% of the waste by bio-
logical or chemical degradation of the spent media. The degradation of solid media waste
(based on renewable polymer) results in the production of speciality solvents that are envi-
ronmentally safe and are value-added chemicals. Another application where degradability of
renewable polymer composite can be exploited is in membrane design. Membranes represent
a worldwide market approaching $1 billion, annually. Membranes have found wide applica-
tions in industry, particularly in the separations industry. In the design of these membranes,
solvents used include acetone, dimethyl sulfoxide, dimethyl formamide, and dimethyl
acetamide. There is a general concern of the exposure of the working crew to carcinogenic
solvents during the preparation of membranes. To address these concerns, Dr. Raghavan has
designed a compatabilizer-based polymer composite, where the major component is renew-
able polymeric material and the minor component is nondegradable synthetic polymer. The
technology is based on the degradability of the renewable polymer in protic solvent/enzymic
system and the ability to formulate a porous microstructure of synthetic polymer. The degra-
dation of the renewable polymer results in the production of chemicals that are
environmentally safe and can be used in the synthesis of renewable polymer.

Novel Chemical Analysis Technologies by Water Liquid
Chromatography, Raman Spectroscopy, and High Speed
Gas Chromatography

Dr. Robert E. Synovec’s research addresses the development of novel liquid and gas chro-
matographic chemical analysis technology and related methodologies that are consistent with
the goals of the Green Chemistry Program and pollution prevention. The goal of this research
has been to develop unique chromatographic instrumentation and methods for laboratory,
field, and process analysis that reduce the toxicity and volume of consumable materials used
in separations-based analyses, while enhancing the performance and information gleaned
from the analyzer. This goal is a major research initiative at the Center for Process Analytical
Chemistry (CPAC). The chemical analyzers and methodologies that have been produced by
these research efforts benefit U.S. industry by enhancing the applicability of liquid and gas
chromatography in a variety of arenas: routine and automated EPA methods, industrial
process chemical analysis, conventional bench-top analysis, and remote chemical monitoring.
A reduction in industrial pollution is a key result of these technologies, by minimizing chem-
ical waste through optimum process control.

Novel In Situ Zeolite Coatings in Monoliths

A novel, in situ method of depositing binderless zeolite catalysts in monolith reactor sys-
tems has been developed at the University of Cincinnati. In situ coatings of zeolites on
monolith substrates maximize the effectiveness of the “shape-selective” aspects of zeolite catal-
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ysis. This technology can be used for a wide variety of zeolites, currently used extensively in
the petrochemical industry. It has been shown that binderless zeolites used in monoliths
exhibit enhanced performance, minimizing the formation of high molecular weight hydro-
carbons with minimal diffusional limitations. Two specific studies were conducted to
demonstrate the effectiveness of these binderless zeolites in monoliths: conversion of
methanol to gasoline hydrocarbons and catalytic cracking of n-hexane. The main technical
advantages of monolith reactors are low pressure drop, improved performance due to less
plugging and channeling, and high surface area per unit volume of reactor. The technology
also offers many benefits for human health and the environment. For instance, alcohol
obtained from fermented agricultural wastes can be converted to gasoline-range hydrocar-
bons on monolith reactors. Besides producing useful fuel, this reaction produces no
hydrocarbons larger than Cj», which are difficult to burn and exhibit low biodegradation
rates if released to soil and ground water. Also, this alternative fuel source conserves nonre-
newable resources like petroleum and natural gas while simultaneously reducing dependence
on imported crude oil. As a result of lower heavy hydrocarbon content, these fuels are clean-
er burning and do not add further carbon dioxide to the environment.

A Novel Solid-Acid Catalyzed 1-Butene/lsobutane
Alkylation Process

Alkylation reactions are employed to convert light refinery gases (C3-C5) into gasoline
compounds (C7-C9). Alkylates constitute roughly 15% of the U.S. gasoline pool. At present,
industrial alkylation employs either hydrofluoric acid or sulfuric acid as a catalyst. For more
than three decades, numerous solid acid catalysts have been explored as environmentally safer
alternatives to liquid acids. However, solid-acid catalysts deactivate rapidly due to coke reten-
tion in the pores. In gas-phase media, the heavy coke precursors (such as olefinic oligomers)
are poorly soluble. In liquid-phase reaction media, the transport of coke precursors out of the
catalyst pores is severely restricted resulting in their readsorption and transformation to con-
solidated coke. The work of Dr. Bala Subramaniam at the University of Kansas employs
supercritical reaction media, which offer a unique combination of liquid-like density and gas-
like transport properties for the effective removal of the coke precursors. Employing carbon
dioxide (Pc = 71.8 bar; T. = 31.1 °C) as an environmentally benign solvent, 1-butene/isobu-
tane alkylation was performed at supercritical conditions resulting in virtually steady alkylate
(trimethylpentanes and dimethylhexanes) production in a fixed-bed reactor on solid acid cat-
alysts (HY zeolite, sulfated zirconia and Nafion) for several days. The carbon dioxide-based
supercritical process thus offers an environmentally safer alternative to conventional alkyla-
tion by eliminating a major technological barrier impeding the application of solid acid
catalysts in alkylation practice.

A Novel Waste Minimization Approach: Production of
Carbon-Based Catalyst or Sorbent from Biosolids

Biosolids, a byproduct of wastewater treatment facilities, are currently a major environ-
mental concern. Identified problems associated with the management of biosolids are the
hazardous content, the large mass produced, the difficulties associated with its treatment, and
the few available disposal methods. Furthermore, the production of biosolids has been
increasing due to an increase in the world population. In 1995, the United States produced
9 million tons of biosolids and is expected to produce 11 million tons/year by the year 2000.
Transformation of biosolids is a novel and innovative idea for waste minimization and recy-
cling at wastewater treatment facilities.



An innovative process was developed to convert biosolids to carbon-based sorbents and
catalysts. The feedstocks for the process were biosolids produced at a sewage treatment plant
(Spring Brook Water Reclamation Center in Naperville, Illinois) and wastewater treatment
sludge produced in the paper mill industry (Fort James Corporation in Green Bay,
Wisconsin). The research conducted at the Illinois Institute of Technology suggests two new
innovative ideas for the production of activated carbon from carbonaceous waste material: 1)
exposure of the chemically activated raw material to light and humidity in a controlled envi-
ronment can enhance the surface pore structure of activated carbons by about 20%, and 2)
the time and energy required for the drying of sludge can be reduced by about 98% if
microwave drying is used. The surface properties of the produced carbons were effectively
controlled by varying different chemical, surface, and physical activation processes. This pro-
ject demonstrates a tremendous potential for alleviating serious environmental problems
associated with the mass production and disposal of untreated sludge by development of a
process for converting sludge to activated carbon and catalyst.

Overcoming the Recalcitrance of Cellulosic Biomass and
Envisioning the Role of Biomass in a Sustainable World

This project addresses technical and visionary issues associated with utilizing plant bio-
mass, the only foreseeable sustainable source of organic fuels, chemicals, and materials. The
project involves multiple topics related to consolidated processing, a widely applicable poten-
tial breakthrough in cellulose processing entailing production of cellulose enzymes, hydrolysis
of biomass components, and fermentation of resulting soluble carbohydrates in a single
process step. Additional project elements aimed at overcoming the recalcitrance of cellulose
biomass encompass aspects of applied enzymology and microbiology, kinetics and reactor
design for enzymatic hydrolysis of cellulose, pretreatment of biomass using compressed hot
water, and conversion of paper sludge. Process design and analysis work support the con-
tention that advanced biomass-based processes have the potential to be cost-competitive with
petroleum-based processes even at low oil prices. Accomplishments involving resource and
policy analysis include analysis that identifies and explores the potential of biomass-based
processes to have near-zero net CO, emissions, prioritizes among uses for the large but ulti-
mately limited biomass resource, and seeks to reconcile the vast range of estimates for the
magnitude of potential biomass availability for industrial uses.

Pollution Preventing Lithographic Inks

Conventional printing techniques use solvents that contribute to pollution through evap-
oration and cleaning processes. Professor Cussler has developed a new ink that eliminates
these emissions. A pollution preventing lithographic ink works conventionally at pH less
than 7, but becomes its own emulsifying agent at higher pH. As a resul, it can be washed off
printing presses with aqueous base. The emulsification kinetics are not predicted by conven-
tional correlations. Instead, they are consistent with an interfacial reaction between hydroxide
and ink resin, which produces a soap layer that can be removed by shear. The results imply a
strategy for other pollution preventing technologies.
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Small Scale Chemistry: Pollution Prevention in
Inorganic Chemistry Instruction Program

Small-Scale Chemistry (SSC) techniques developed by Dr. Stephen Thompson at
Colorado State University build pollution prevention, waste minimization, and student safe-
ty at the design stage rather than controlling it at the disposal stage. SSC inherently manifests
characteristics of “green chemistry” by incorporating the principles and methodologies of
source reduction. The SSC techniques and experiments result in significant waste reduction
and reduced risk of chemical exposure to both students and faculty. This is achieved through
innovative experiments and methodologies that use alternate reaction conditions and alter-
nate synthesis pathways. The concepts of SSC evolved as a solution to many of the serious
problems (e.g., cost, safety, waste disposal, pedagogy) associated with chemistry laboratory
instruction. Drops of chemicals used as their own containers replace liters of chemical haz-
ardous waste in breakable glassware. The innovative use of high-tech plasticware designed for
genetics research reduces cost while maintaining safety and sophistication. SSC techniques
and methodologies provide a realistic approach to green chemistry and allow academic insti-
tutions to institutionalize lasting behavioral changes. SSC provides an easy to implement,
affordable, and wide application remedy to a real environmental management problem faced
by most college and university chemistry programs.

Solvent-Free Chemical Synthesis

An environmentally benign solvent-free synthetic approach was developed by Dr.
Rajender S. Varma at Sam Houston State University. This approach utilizes neat reactants
either in the presence of a catalyst or catalyzed by the surfaces of recyclable support(s) such
as alumina, silica, clay, and ‘doped’ surfaces such as NalOyssilica, iron(IIl) nitrate-clay
(clayfen), and persulfate-clay. This occurs under microwave irradiation conditions thus pro-
moting reduction of solvents at the source and excess chemicals in manufacturing. This
pollution preventive strategy has been targeted to industrially significant cleavage, condensa-
tion, oxidation, and cyclization reactions that currently employ toxic, corrosive, and irritant
chemicals and generate hazardous waste. The technology uses material science, molecular
modeling, and synthetic organic chemistry expertise and addresses the needs of broad chem-
ical community (polymers, pharmaceuticals, and fine chemicals) by efficient production of
valuable intermediates (enones, imines, enamines, nitroalkenes, oxidized sulfur species, and
heterocycles). Further, the technology teaches pollution prevention to a younger generation
of scientists and is extendible to in situ destruction of pollutants and hazardous waste.

Successful Development of Hazard-Free, User-Friendly

Genetically Engineered Microorganisms for Effective
Production of Environmentally Friendly Chemicals from
Renewable Biomass using Green Chemical

Methodologies

Ethanol is an effective, environmentally friendly, nonfossil transportation biofuel that pro-
duces far fewer pollutants than gasoline. Furthermore, ethanol can be produced from
plentiful, domestically available, renewable cellulosic biomass, thereby reducing our nation’s
dependence on imported oil. Although ethanol has been produced by the fermentation of
glucose-based feedstocks with Saccharomyces yeasts since the preindustrial age, the conversion
of cellulosic biomass to ethanol has presented a major challenge. This is because cellulosic
biomass contains two major sugars, glucose and xylose, and the Saccharomyces yeasts cannot



ferment xylose to ethanol. Dr. Ho, at Purdue University, has developed genetically engineered
Saccharomyces yeasts that not only ferment xylose, but effectively coferment glucose and
xylose to ethanol. The genetically engineered yeasts produce at least 30% more ethanol from
cellulosic biomass than the unengineered parent yeasts.

Lactic acid, an important industrial feedstock in the manufacture of inexpensive,
biodegradable plastics from renewable biomass, is traditionally produced by the fermentation
of glucose with lactic acid bacteria. Lactic acid bacteria, however, grow very slowly and can-
not tolerate 1 to 2% lactic acid. Dr. Ho'’s group has succeeded in genetically engineering a
safe, effective microorganism that can produce lactic acid more than twice as efficiently as lac-
tic acid bacteria. These examples demonstrate that genetic engineering technology, guided by
the principle of green chemistry, is a powerful tool in modifying microorganisms for the pro-
duction of important chemicals from renewable biomass.

Synthetic Dyes Based on Toxicological Considerations

This nomination pertains to the design of nontoxic alternatives to currently used metal-
complexed dyes containing metals designated as priority pollutants. Specifically,
iron-complexed dyes were synthesized as substitutes for metal-complexed dyes currently used
in situations requiring colorants possessing very high photostability and resistance to removal
under wet conditions. The dyes investigated were iron (Fe) complexes of ligands and provid-
ed the foundation for a pollution prevention approach to environmental problems associated
with the manufacture and use of organic dyes based on chromium (Cr) and cobalt (Co). As
a starting point for this study, the Freeman group synthesized and evaluated Fe-complexed
analogs of commercial azo and formazan dyes containing Cr or Co. Fe(Il) sulfate was
employed as the metallizing agent because it has exhibited low aquatic toxicity in studies.

This investigation led to the discovery of nontoxic alternatives to high-volume chromi-
um-based commercial black dyes, without compromising the desirable photostability of the
latter. In addition, red and blue 1:2 Fe-complexed dyes (1 iron atom per 2 dye molecules)
were discovered, an achievement heretofore unreported and presumed unachievable. An
explanation for the dull colors that have traditionally characterized Fe-complexed dyes was
also developed, providing a basis for further achievements in this area.

Toward Synthetic Methodology “Without Reagents”
Increased “Effective Mass Yield” for Pharmaceuticals by

Iandem Enzymatic and Electrochemical Oxidations
and Reductions

The prevention of pollution at its source is addressed by the replacement of currently used
methods of oxidation and reduction (i.e., all based on metal reagents) with enzymatic and
electrochemical techniques (i.e., all performed in water, alcohols, or other environmentally
acceptable solvents). The combination of enzymatic transformations with electrochemistry,
along with efficient design, yields unprecedented brevity in the attainment of important
pharmaceuticals from metabolites of the arene cis-diol type. Halogenated aromatic com-
pounds, viewed in many cases as harmful to the environment, are enzymatically converted to
useful synthons and effectively removed from the hazardous waste pool, with added eco-
nomic benefits of strategic conversion that would not be available through outright
incineration of such compounds. It must be emphasized that the enzymatic conversion of the
toxic aromatic materials takes place in the very first step of the synthetic pathway and that all
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subsequent intermediates are harmless. The residual mass from enzymatic or electrochemical
processes is judged suitable for disposal to municipal sewers, thus further reducing the
amount of actual waste. The synthesis of a homochiral cyclitol from halobenzene by several
steps involving essentially no reagents serves as the illustration of the technology. Given that
the length of a synthesis plays a direct role in the attendant accumulated waste mass for the
process, it follows that short and efficient syntheses lead to lesser accumulation of waste and
thus reduce pollution at the source.

Use of Soluble Polymers to Recover Catalysts and to
Control Catalytic Reactions

New strategies for use and recovery of homogeneous catalysts and for carrying out chem-
ical processes are of increasing interest because of problems associated with the use of organic
solvents and the costs associated with purification and removal/disposal of byproducts. This
nomination recognizes the work by Bergbreiters group at Texas A&M that uses polymeric
ligands and new separation strategies to facilitate homogeneous catalysis. This technology
uses the well-known properties of polymers to recover and separate catalysts and ligands for
reuse. By employing relatively simple polymer chemistry, a wide variety of known homoge-
neous catalysts can be attached to such polymers without significant alteration of their
reactivity or selectivity. Separation and recovery strategies that use solid/liquid separation of
precipitate polymers or liquid/liquid separations of polymer solutions/product solutions have
both been demonstrated. The utility of simple linear polymers in formation of aqueous and
fluorous phase soluble catalysts has also been demonstrated by this work. Finally, this tech-
nology has also demonstrated a unique approach to regulate and control reactions using
soluble polymer-bound “smart” ligands that precipitate on heating.

Vibrating Fluidized Bed Combustion Nitridation
Processing Using Concentrated Solar Energy

The best way of managing pollution from industrial processes is to devise ways to mini-
mize its production. This is especially true in the synthesis of chemical compounds. New
concepts developed at the University of Colorado attack the problem on four levels: maxi-
mizing yields, avoidance of post processing, use of nontoxic precursors, and minimizing
energy consumption. Professor Weimer and his students have demonstrated model ceramic
synthesis systems that have high yield, avoid needle-like particle growth induced by ther-
mophoresis, use metal powders and nitrogen as precursor material, and use sunlight as the
source of energy for synthesis reactions. High-quality powders of silicon nitride and of alu-
minum nitride, both technologically important materials, have been produced as proof of
concept. The use of a directed energy source for the synthesis produces higher quality mate-
rials and reduces the energy budget, thus reducing the pollution associated with conventional
heating. The use of concentrated sunlight, instead of a laser beam or arc lamp, further reduces
the consumption of fossil fuels to provide the energy for the beam.



Washington State Pollution Prevention, Health, and
Safety Initiative in Academic Chemistry Laboratories

In 1997, the Washington State Department of Ecology and the Educational Service
District 101 began planning workshops to educate chemistry teachers on green chemistry
techniques, health and safety issues, and proper hazardous waste management. The work-
shops included detailed information on better laboratory practices that reduce the risk of
accidents, maintain employee and student health and safety, and reduce the use of hazardous
substances and generation of hazardous waste. Green chemistry techniques such as microscale
chemistry and conducting experiments that use only nontoxic substances or less toxic chem-
icals were also taught. The workshops also included environmental, health, and safety
regulations that schools must observe in the state of Washington. A Step-by-Step Guide to
Better Laboratory Management was produced and used as part of the workshops.

A coordinated multiagency team was formed to plan and implement the workshops. Six
workshops were held throughout the state of Washington in the spring of 1998. Ecology,
ESDs, OSPI, Washington State Department of Health and Washington State Department of
Labor and Industries developed and implemented the workshops. Over 300 chemistry
instructors attended throughout the state.

Ecology trained six staff members and King County Hazardous Waste Program (Metro)
staff to conduct site visits at middle and high schools throughout the state of Washington.
The lab team was trained to: 1) Organize chemicals in compatible storage system; 2) Tag or
remove chemicals of concern that are extremely hazardous, unstable, in poor condition or in
excess; 3) Sort waste chemicals into Department of Transportation shipping categories; 4)
Labpack waste chemicals for shipping and disposal; 5) Explain proper hazardous waste man-
agement and disposal; 6) Assist with preparing a chemical hygiene plan for laboratory; 7)
Assist with creating a complete and up-to-date chemical inventory. To date, about 100
schools have been visited.

Waste Biomass Utilization in the Production of a
Biodegradable Road Deicer

The effective utilization of biomass and the residuals from agricultural and food process-
ing operations in the production of fuels and chemicals is one of the cornerstones of policies
aimed at energy conservation and sound environmental management. Biomass wastes such
as liquid whey effluents from the dairy industry are an undue burden on the environment
due to the high biochemical oxygen demand (BOD) of such wastes. Whey is a byproduct
from cheese and casein production operations and contains about 5% lactose and 0.1 to
0.8% lactic acid. About 50% of the total U.S. milk production is used in the production of
cheese, resulting in the generation of approximately 57 billion pounds of liquid whey per
year. Acid whey containing lactose and lactic acid has a very high BOD of about 40,000
mg/L. As such, this waste can be a tremendous burden to the environment if it is discharged
without controls. Treatment of the high BOD waste is both capital and energy intensive.
Thus any viable reuse option is likely to offer large savings in cost and energy utilization.

The work of Alexander P. Mathews at Kansas State University is aimed at examining the
use of whey permeate in the production of a road deicer substitute for sodium chloride. Each
year, about $2 billion are spent on U.S. highways alone to maintain driveable conditions dut-
ing winter. The bulk of this expenditure is on the application of chemical deicers, principally
sodium chloride (NaCl). The annual use of NaCl has increased rapidly from 0.5 million tons
in 1947 to about 30 million tons in 1996. Many roads and highways in the snowbelt may
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receive up to 60 tons of salt per km during the winter season. Currently used deicers, such as
NaCl, cause extensive corrosion-related damage to the highway infrastructure and environ-
mental damage by contaminating water supplies and soils.

The main objectives of Mathews’ work were to examine the use of biomass wastes in the
production of deicers, calcium magnesium acetate (CMA), and calcium magnesium propi-
onate (CMP). A novel two-stage fermentation process was developed to utilize and convert
inexpensive substrates such as whey permeate to acetic and propionic acids for use in the pro-
duction of the deicer. The two-stage process has a substrate conversion efficiency of about 9%
compared to 53% for a single-stage process. Acid concentrations up to 60 gm/l were obtained
in batch and fed-batch fermentations. In addition, the source of calcium and magnesium in
the CMA/CMP deicer was obtained from water plant treatment sludges (water treatment
operations such as coagulation, flocculation, and chemical softening result in the production
of large quantities of solid byproducts containing calcium and magnesium that can be used

in the production of CMA/CMP deicer).

Waste Reduction and Recycling of Magnesite-Chrome
Refractory into the Steelmaking Process

The primary objective of the work of Dr. Claudia Lage Nassaralla at Michigan
Technological University is to develop the technological basis to minimize the formation of
hexavalent chromium (Cr*), a well-known carcinogen, within magnesite-chrome refractory
during its production and use in industrial processes. Magnesite-chrome is a high-
temperature refractory used in the steel, copper, cement, and glass industries because of its
excellent resistance to thermal shock and chemical attack. The spent magnesite-chrome
refractory is classified as a hazardous material by EPA when it contains high levels of Cr**. Of
all the chromium ions, Cr* is the only one soluble in water, and as such, can give rise to detri-
mental effects on the environment and food chain because it is strongly oxidizing and easily
penetrates human tissue. The origin of Cr* in the refractory is due to the reaction between
CaO and Cr,O;. No other oxide present in the refractory is known to form Cr*. Until
recently, spent magnesite-chrome refractory was normally disposed of in authorized landfills.
Currently, spent magnesite-chrome refractories with a Cr* content above 5 ppm must be
treated before disposal.

The technology being developed by Dr. Nassaralla has the potential to minimize the for-
mation of Cr** by carefully controlling the brickmaking and steelmaking practices. It will also
allow for the reduction of hexavalent to trivalent, and to chromium metal, di- and trivalent
chromium by recycling the brick into the steelmaking converter and the electric arc furnace,
respectively. No type of preprocessing of the solid waste or installation of additional equip-
ment will be necessary. The waste material can be treated on site, and the contaminated bricks
can also be recycled as part of the flux that has to be added in the steelmaking converter to
absorb the oxides generated in the production of steel or in the electric arc furnace as a source
of chromium in the production of ferro-chromium. The information generated from this
project can also be used by the copper, cement, and glass industries to design their practices
to minimize the formation of Cr*. Besides the savings associated with the costs of disposing
spent chrome-magnesite brick, the recycling of Cr® in the production process and its con-
version to chromium metal, di- and trivalent chromium will avoid contamination of the
environment by possible leaching of Cr* after dumping,.



Water as Solvent for Chemical and Material Syntheses

Rather than sacrificing one or the other, to synchronize the advancement of science and
technology with the advancement of green chemistry is the key feature of the research carried
out by Tulane. A range of technologies has been developed that uses water as solvent for
chemical, pharmaceutical, and material syntheses. The technologies developed not only offer
many benefits for human health and the environment, but also the use of water as solvent
plays an essential role in the success of this research. The use of large quantities of organic sol-
vent for industrial scale operations eventually adds to environmental problems. In fact,
volatile organic compounds are the principal pollutants of all organic compounds. On the
other hand, water is nontoxic, nonexplosive, nonflammable, as well as the basis and bearer of
life in nature.

Numerous biochemical reactions affecting the living system have inevitably occurred in
aqueous medium. On the other hand, most organic reactions and syntheses have been car-
ried out in organic solvents. At Tulane, Professor Chao-Jun Li has developed various synthetic
methodologies by using water as solvent. By using these methodologies he has synthesized
biologically important natural products, novel electronic and optical materials, and nano-car-
bon materials. In most cases, the studies have the dual advantages of being aqueous and being
“atom economical.” Also in most cases, the use of water as the reaction solvent does not only
make them environmentally friendly, but also essential to the success of this research.

Waterborne Coating Formulations for Video Tape
Manufacture

Magnetic tape technology is an important component of the information age and main-
taining a domestic tape manufacturing capability is important to the U.S. economy.
Magnetic tape is manufactured by a continuous web coating process that uses organic sol-
vents, including tetrahydrofuran, methyl ethyl ketone (MEK), methyl isobutyl ketone
(MIBK), toluene and cyclohexanone. MEK, MIBK, and toluene are on the list of 189 haz-
ardous air pollutants and on the list of 18 chemicals for the EPA’s 33/50 voluntary pollution
reduction program.

Waterborne magnetic tape coating formulations were designed at the University of
Alabama and used to prepare experimental magnetic tape samples in a pilot coating trial. The
formulations contained a blend of a water-dispersed polyester and an ethylene/vinyl chloride
copolymer emulsion. The coatings were thermally cured with a melamine-formaldehyde
cross-linker to give tensile properties that were comparable to a standard solvent-based binder
composition. The pilot tape trial used existing processing equipment, including calendering
and slitting. The tape had good magnetic properties and excellent adhesion between the pig-
mented magnetic layer and the base film, easily exceeding the 8 mm helical scan tape
standard of 0.96 N peel force. An economic impact analysis for the case of using the water-
borne video tape coating process in a conventional tape manufacturing plant showed an 11
percent decrease in hourly operating costs. The solvent-based process generated almost 650
kg of organic solvent per hour operation, while the waterborne process generated less than 5
kg methanol (from the melamine-formaldehyde cross-linker) per hour. In addition to pollu-
tion prevention, there was a clear economic incentive to adopt the waterborne video tape
manufacturing process.
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Entries from Small Businesses

Biodegradable Thermoplastic Material

Mater-Bi™ is a completely biodegradable and compostable resin, which has the physical
and mechanical properties of conventional plastics. Mater-Bi™ is designed to be used in the
manufacture of a wide range of disposable products such as trash bags, shopping bags, food
serviceware, and packagings. Mater-Bi™ is a product technology that offers enormous advan-
tages for dealing with the problems of solid waste disposal. Disposal of conventional plastic
products, which constitute the largest share of disposable products, has a significant negative
impact on the environment. Typically, disposable products are landfilled and rapidly dimin-
ish landfill capacity. Being compostable, disposable products made of Mater-Bi™ are fully
recyclable. Biodegradable food serviceware, for example, presents a significant opportunity
for reducing the volume of the solid waste stream. In 1994, nearly 39 billion pieces of dis-
posable cutlery (knives, forks, and spoons) were used in the United States. More than 113
billion disposable cups and nearly 29 billion disposable plates were used. Biodegradables are
being developed for medical products, textiles, and other new and significant applications.
Such products can be transformed into much needed composts and soil amendments for
agricultural and horticultural use. Mater-Bi™ resin used for films and sheets is made of starch
and a polymer, polycaprolactone. Biodegradation time is between 20 and 45 days in com-
posting conditions. Mater-Bi™ resin used for dimensionally stable injection molded items is
made from completely natural products, including cotton seeds and cornstarch.
Biodegradation time is between 75 and 120 days in normal composting conditions.

Burch Apparatus and Method for Selectively Treating
Vegetation to Reduce Pesticides and Fertilizer Use,
Eliminate the Release of Certain Toxins to the
Environment, Reduce Pesticide Runoff, and Reduce the
Potential of Worker Exposure to Toxic Substances

The Burch Wet Blade® is a new discovery and a revolutionary apparatus and method for
controlling vegetation. The Burch Wet Blade® allows for the selective application of various
fluids, such as pesticides, growth regulators, biologicals, and fertilizers (hereinafter “pesti-
cides”), to vegetation by causing a minute amount of pesticide to be immediately absorbed
into the vascular system of a plant at the moment the plant is cut by a blade. This method of
treatment is made possible by bringing a pesticide into contact with a mowing blade designed
not to cause a haphazard chemical spray, but rather a precise transfer of pesticide from only
the bottom surface of the blade into the vascular system of a plant. The Burch Wet Blade® is
a nonspray, enclosed system that provides precise pesticide application thereby reducing the
quantity of pesticide needed and eliminating worker exposure and unwanted releases of
pesticide.



CerOx Process Technology for Non-Thermal Destruction
of Organic Hazardous Wastes

CerOx (Cerium Oxidation) Corporation has commercialized its process for destroying
hazardous organic waste streams. The unique process, which converts toxic wastes into CO;
and water, is an economical alternative to incineration and landfill. The process also can be
operated on site, eliminating the need for transportation at reduced cost to the generator.
Seven sizes of systems have been designed to meet the needs of various customers ranging
from 300 pounds of destruction per day to over 3 tons per day. The CerOx process is an elec-
trochemical process that allows for the destruction of organic hazardous wastes at near
ambient conditions. At the heart of the system is a proprietary reactor cell. The cell is
designed to be manufactured in volume from high-density plastics, using advanced injection
techniques. The result is a system that is inexpensive to manufacture, service, and replace. In
addition, the necessary data for EPA-required reports is recorded and stored. The flexible scal-
ability of the CerOx Process allows it to be placed onsite for destruction of hazardous waste
materials at their point of origin thereby eliminating the transportation of these wastes. The
relatively mild reaction conditions of the CerOx Process eliminates any of the explosion
potential associated with current high-temperature and/or pressure thermal methods such as
incineration and molten metal pyrolysis.

Chemically Modified Crumb Rubber Asphalt

A process was developed for producing Chemically Modified Crumb Rubber Asphalt
(CMCRA). The Chemically Modified Crumb Rubber (CMCR) was produced by using
H,O; (free radical generator; in this case, carbonium ion generator) to produce carboxylic
sites on the surface of crumb rubber by utilizing the oxygenated sites of carbon black [these
oxygenated sites will obtain hydrogen from a source and then be converted into carboxylic
acid (COOH) groups]. These sites in crumb rubber could possibly be the cause of devul-
canization and could interact with functional groups available in asphalt, resulting in a
homogenous modified asphalt. Compared to controls, asphalt modified using this process
has improved rheological properties at both low and high temperatures, as well as improved
separation and homogeneity characteristics. Several asphalts were tested and were found to
have improved rheological properties (high and low temperature), homogeneity, and separa-
tion characteristics. Since rubber, the main component of CMCR, is known as a poor
conductor of heat, it is probable that CMCRA can be used in constructing asphaltic pave-
ments at lower pavement temperatures than other neat or modified asphalts. The first
pavement test installation was successfully made at a lower pavement temperature than that
recommended by the Connecticut Department of Transportation, suggesting that CMCRA
can extend the pavement construction season.

Development and Commercialization of High-Value
Chemical Intermediates from Starch and Lactose

Synthon has developed a method for the utilization of high-volume carbohydrate feed-
stock for the production of fine chemicals. One of the major tasks facing the chemical
industry today is the identification and development of high-volume, renewable, commer-
cially viable raw materials that can assume a large part (if not all) of the central role that
oil-based materials play in that industry. Starch is one of the most abundant materials obtain-
able in pure form from biomass. As a raw material for the practice of chemistry from
environmentally benign and renewable resources, it holds much promise and seemingly as
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many challenges. Three of the most important aspects of starch structure and chemistry that
are in step with requirements for a green chemistry feedstock are its solubility in water, the
richness of functional groups, and its optical purity. The same is true of lactose, a material
that is underutilized and available in thousands of metric tons per year from cheese making.
These three promising features represent the three most difficult technical challenges in
attempts to use starch and lactose as raw materials. They are practically insoluble in other
environmentally friendly solvents such as alcohols and esters thus limiting the range of rele-
vant chemistries. The high density of functional groups (polyhydroxylation) has made it
(until now) nearly impossible to do anything useful with these on a grand scale in a selective
fashion. The optical purity is embodied in functionalities that make conserving it a challenge.

Over the past 3 years, Synthon Corporation has been working to overcome these techni-
cal barriers by developing, demonstrating, and commercializing a new chemistry that will
fundamentally revise the position of these two important and critical raw materials on the list
of renewable resources for manufacture of chemical commodities. In the process, these mate-
rials are oxidized in dilute aqueous sodium hydroxide under controlled conditions with
peroxide anion to form (S)-3,4-dihydroxybutyric acid and 2-hydroxyacetic acid (glycolic
acid) with very high conversion. (S)-3,4-dihydroxybutyric acid can be converted to the lac-
tone by acidification and concentration. Glycolic acid and the lactone can be utilized in the
production of a variety of fine chemicals for particular use in the pharmaceutical, agrichem-
ical, and polymer industries. Glycolic acid, for example, is used in the manufacture of
specialty polyesters and in the preparation of paints. It is normally made by the environ-
mentally unfriendly method of chlorinating acetic acid and hydrolyzing the chloro derivative
with sodium hydroxide. The Synthon product brochure now lists over 30 such products
available from gram to ton quantities. The process has allowed Synthon to take a substantial
lead in the area of high-valued chiral intermediates through the green chemistry approach
where the pool of natural raw resources is tapped.

Development of a Practical Model and Process to

Systematically Reduce the Environmental Impact of
Chemicals Utilized by the lextile and Related Industries

It was discovered in the early 1980s that discharges from textile dyeing and finishing oper-
ations were adversely impacting publicly owned waste treatment facilities. The results of early
toxicity reduction evaluations pinpointed toxic and poorly degraded textile chemicals and
surfactants as culprits. It was decided that elimination of toxic agents prior to formulation
was an important long-term objective to provide for a sustainable textile industry in the
United States. To achieve products “Designed for the Environment,” a means to inexpen-
sively screen chemicals and raw materials and communicate results internally and externally
to consumers and regulators was needed.

It was discovered by Burlington Chemical that the results from three OECD tests, OECD
301D, 202, and 209, could be related in an expert computer system (AQUATOX®) to design
textile chemicals with greatly reduced environmental impacts. This discovery led to the devel-
opment of a waste/toxicity reduction program, Burco® Care, based on this information.
Burco® Care has resulted in the production of low-impact wet processing chemicals. It
spawned a system of comparing textile chemicals for environmental impact that can be uti-
lized in purchasing decisions by textile manufacturers and has been found suitable by U.S.
textile market leaders. Burco® Care is a giant leap away from simple regulator compliance to
the creation of a systems-based, thinking approach to building value by reduction of risk and
improvement of the environment.



High Energy Efficiency, Environmentally Friendly
Refrigerants

Environmentally safe alternatives to CFC, HCFC, and HFC refrigerants are badly need-
ed. The phaseout of CFCs and HCFCs and increasing concern about greenhouse gases create
the urgent need for nontoxic, nonflammable, environmentally safe refrigerants with high
capacity and energy efficiency. Dr. Jonathan Nimitz and his co-inventor, Lance Lankford,
have discovered and patented a family of improved refrigerants based on blends containing
trifluoromethyl iodide (CFsI). CF;l has attractive physical properties, is a combustion
inhibitor, has zero ozone depletion potential (ODP), low global warming potential (GWP),
and relatively low toxicity. CF;l can be combined with high-capacity, energy-efficient, envi-
ronmentally friendly, but flammable refrigerant compounds to obtain excellent refrigerant
blends that remain nonflammable. The result is an energy-efficient, environmentally friend-
ly, safe refrigerant.

The inventors and Dole Food Company have formed a new company, Ikon, Inc., to sup-
port testing and commercialization of the refrigerants. The first formulation developed, Ikon®
A, has extremely low GWP and can be used in R-12 or R-134a systems. Ikon® A has been
demonstrated for over 3 years in Dole Food Company refrigerated transports, with excellent
results. Ikon® A was also tested in a new R-134a domestic refrigerator, with results of 19 per-
cent higher energy efficiency and 15% greater volumetric cooling capacity versus R-134a.
Ikon® B was developed as a less expensive version of Ikon® A; it has been tested and demon-
strated in refrigerated transport units, a 5-ton water chiller (sponsored by NASA Kennedy
Space Center), and a new R-134a domestic refrigerator (sponsored by EPA). The use of Tkon®
refrigerants will result in improvements to human health and air and water quality, reduc-
tions in skin cancer, and ecological and crop damage from UV radiation.

The LCAPIX Module Software: Combining Life Cycle
Assessment with Activity Based Costing to Assist in
Preservation of the Global Environment and Sustained
Economic Growth

Life cycle assessment (LCA) is a technique that was developed in the late 1960s to address
the socioeconomic and politically charged issues of use and reuse of all man-made products,
processes, or services. The LCAPIX module is a software tool that efficiently enhances facili-
tation of both the LCA process and entices industrial management (of chemical and other
industries) to perform these studies by yielding a simultaneous activity based cost (ABC)
analysis .

By using an industrial engineering approach employing drivers and driver values, the
model and relational database provides for a unique combination of two strategies that com-
plement and enhance the implementation of an Environmental Management Strategy
(EMS). This software tool has been used to compare different products, processes, and ser-
vices for not only their potential environmental burden potential (i.e., using different
valuation techniques such as selected weighted emphasis on global warming, ozone depletion,
acid rain, deforestation, or biodiversity), but also to understand and illustrate how different
techniques can be used to diminish these burdens while improving internal, external, unseen,
or unknown (“hidden”) costs. This software tool is multifunctional, providing inexpensive,
simple, rapid LCA strategic or environmental comparisons of any product, process, or ser-

vice.
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N-Methylmorpholine-N-Oxide (NMMO): A Novel,
Nontoxic Solvent for Cellulose as Source Reduction in
the Production of lextile Fibers

For decades, scientists had been searching for an environmentally friendly means of form-
ing a cellulosic fiber. The standard procedure for producing cellulose fibers has been the
viscose process, invented in 1894. There were no neutral organic solvents for dissolving cel-
lulose, until 1965 when Dee Lynn Johnson, working in the laboratories of Eastman Kodak,
discovered that N-methylmorpholine-N-oxide (NMMO) is a solvent for cellulose. In addi-
tion, he demonstrated that the cellulose solution can be filtered and the cellulose filaments
regenerated by precipitation into water. Furthermore, the NMMO could be recovered by
evaporating the water and reused. This new solvent has now been commercialized by
Huntsman Petrochemical Corporation, and several fiber manufacturers have developed com-
mercial processes for producing the fibers. Fibers made by use of NMMO are called lyocell
fibers, meaning cellulose spun from solution. The previous viscose process produces rayon
fibers, but it requires a chemical reaction between carbon disulfide and cellulose in the pres-
ence of a strong base to produce a xanthate complex. Carbon disulfide is highly flammable
and toxic to humans as well as being a greenhouse gas. Further, to produce fibers the xan-
thate must be regenerated by extrusion into an acid coagulating bath where it decomposes
and produces polluting byproducts that are discharged into water.

Natural Recycling of Plastics Through Chemical and
Biological Degradation

Modern synthetic polymer manufacturing has reached a high level of efficient resource
utilization. An energy-efficient system of producing additives based on natural polymers and
other chemicals provides an effective means of achieving an alternative to plastics recycling
by allowing timed degradation followed by systemic incorporation back into natural organic
cycles. The system is based on the continued use of conventional plastics processing machin-
ery and results in a product that has the advantages of existing plastics materials with the
added benefit of timed degradation in appropriate environments. After disintegration, the
elements are available to be incorporated into humus and other soil constituents. The addi-
tives work by providing degradation catalysts based on natural organic unsaturated fatty acids
and other unsaturates and benign metal cations with multiple oxidation states (such as iron).
By combining these with conventional thermoplastic polymers, oxidative degradation of typ-
ical plastics can be achieved. In addition, a naturally biodegradable polymer, such as starch or
cellulose, is combined initiating biological attack and microbial colonization of the plastic. In
natural environments this starts a slow oxidative biodegradation, similar to that for lignin,
which allows incorporation of the carbon directly into humus and growing plants.

Nonhazardous Degreaser That Degreases as Efficiently as
Trichloroethane and Outperforms Aqueous Products

Degreasing techniques have relied heavily on chlorinated solvents. While these solvents
are highly effective in removing grease and oils from metals, at the same time they raise seri-
ous environmental and health concerns. Ozone depleting products like 1,1,1 Trichloroethane
(1,1,1 TCA) and Trichlorotrifloroethane (CFC 113) have been phased out under the 1990
Clean Air Act Amendment, leaving users of these products little choice other than to replace
them. A number of new nonhazardous cleaners have been introduced as alternatives, but few



provide the effectiveness of a chlorinated solvent and most require users to accept a longer
cleaning process and add costly new equipment. Solvent Kleene, Inc. developed D-Greeze
500-LO as a safe replacement degreaser/cleaner that does not force companies to compro-
mise cleaning performance for safety. In independent testing, D-Greeze 500-LO was
identified as a safe alternative that could also outperform trichloroethane. While safe prod-
ucts such as aqueous-based cleaners are slow to perform, require heating, and involve an
investment in costly new equipment and processes such as wastewater treatment, D-Greeze
500-LO can be easily integrated into an existing cleaning environment without a significant
investment in new equipment or processes. Additionally, D-Greeze 500-LO is recyclable. A
spent solution can be easily recovered and reused, minimizing both the hazardous waste
stream generated and purchases of new cleaner.

Nontoxic Antifouling

IMC has developed a process to apply pure copper to a variety of substrates including alu-
minum, wood, fiberglass, and steel as a near permanent nontoxic antifouling that will not
leach poisons into the environment and does not use solvents in the application process. The
process is achieved through an electric arc used to melt the metal propelled by clean com-
pressed air. The coating is permanently welded to the substrate and repels all types of marine
nuisances, including the “zebra” mussels which are now a very expensive problem through-
out the United States. The process is being used currently to protect power plants, cooling
water intakes, ships, buoys, and other structures.

Paclitaxel Process Improvements

Paclitaxel is a chemotherapeutic agent used to treat ovarian, breast, and other cancers.
Hauser has developed a green technology centered around a self-patented process improve-
ment by which cephalomannine and related ozone oxidizable compounds are separated from
paclitaxel and other non-oxidizable compounds in biomass extract (ozonolysis technology).
Hauser develops, manufactures, and markets special products from natural sources. Hauser’s
proprietary extraction and purification processes enable the company to produce natural
extracts at a higher quality, yield, and concentration than conventional procedures. Hauser
employs proprietary technologies in combination with conventional techniques to process
natural raw materials and to produce specialized natural products. Hauser utilizes this tech-
nology to produce bulk quantities of the anticancer compound paclitaxel from Yew trees.

The implementation of Hausers ozonolysis technology in the isolation of paclitaxel
spurred many environmental and human health benefits. Several processing solvents (includ-
ing methylene chloride), their subsequent air emissions (43,000 pounds annually), and
significant wastes (254,000 pounds annually) have been eliminated. In addition, the use of
natural resources was improved by incorporating renewable feedstocks (422,000 pounds
recycled annually). A filter media that required disposal as a hazardous waste was also replaced
with an indefinitely reusable alternative (eliminating 100,000 pounds of waste annually).
Most importantly, these improvements have made the most effective anticancer drug in his-
tory more cost-effective to produce and more affordable to those in need. The financial
impact of all of the process changes has resulted in a 50% decrease in the cost of manufac-
turing paclitaxel.

33

International
Metalizing Corporation

Hauser, Inc.



BAT Technologies Inc.

Radiance Services
Company

Nextec Applications,
Inc.

34

Primer for Anti-Fouling Paint

This technology and material is a primer to be used in conjunction with the bottom paint
(anti-fouling paint) that is found on the bottoms of all ocean-going boats. Every ocean-going
boat must have its anti-fouling paint removed and reapplied every year. Current technology
mandates that the paint be sanded off. The resultant powder is dangerous; it is blown into
the water and inhaled by the people sanding the bottom of the boat. Every year, 1.5 million
pounds of copper oxide paint dust are dumped into the ocean in the United States alone.

A method and material have been developed that allow anti-fouling paint to be removed
quickly, in large sheets, without sanding. The primer uses a sophisticated wax/water emul-
sion. Once the water from the emulsion has evaporated, the anti-fouling paint is applied. The
boat is used, as usual. When the boat is to be hauled and the anti-fouling paint is to be reap-
plied, the old anti-fouling paint is removed with just hot water. The temperature of the water
must be above the melting point of the wax. The spent anti-fouling paint is easily collected
and disposed of in drums. The spent paint can easily be disposed of in a hazardous waste dis-
posal site or can be recycled.

The Radiance Process: A Quantum Leap in Green
Chemistry

The Radiance Process is a novel, dry, nontoxic cleaning technology for surface prepara-
tion. It employs the quantum mechanical effects of laser light in combination with an inert
gas, ordinarily nitrogen, to clean surfaces. The light lifts the contaminant from the surface
and the flowing gas sweeps it away without the pollution now associated with surface clean-
ing. The process has potential application in the manufacturing of semiconductors,
photomasks, flat panel displays, storage media, and optics. Radiance cleans without emis-
sions, discharges, or wastes, thus preventing pollution and conserving natural resources. It is
designed to supplant the use of wet chemicals in surface cleaning and preparation.

Solventless Process for Improving Fabric Performance
Properties

The Nextec process delivers fabric performance benefits through a process that utilizes no
solvents, has no volatile organic compounds (VOCs), utilizes essentially nontoxic starting
materials, and yields inert residuals that have passed biocompatability testing. The unique
patented technology that is being practiced by Nextec Applications, Inc. replaces processes in
which rubbers are dissolved in toxic aromatic or chlorocarbon solvents and coated or spread
on fabrics. Nextec’s process allows precise placement of thin polymeric films around fibers
and crossover points and filling in or leaving open interstitial spaces within fabrics. The
choice of polymer, substrate and placement of polymer allows for improvement of properties
such as breathable barrier performance, controlled porosity, resistance to fluids, and adhe-
sion/release behavior. This technology has found applications including aerospace,
automotive, apparel, and medical.



Sugars from Lignocellulosic Materials for the Production
of Bio-Based Fuels and Chemicals

Arkenol, Inc. has developed an environmentally sound and cost competitive technology
for a carbohydrate industry. While completely analogous to the petrochemical industry,
Arkenol’s technology uses innocuous and renewable feedstocks. The Arkenol process utilizes
concentrated sulfuric acid to break down the cellulosic structure in lignocellulosic feedstocks
and then, with water, complete the new formation of individual C6 and C5 sugars for fur-
ther processing into chemicals and fuels. The lignin is processed for soil amendment or solid
fuel. Silica, uniquely present in rice straw, can be recovered and converted to high value pre-
cipitated silicas or zeolites. Trace amounts of sulfuric acid in the sugar solution are converted
into gypsum for soil amendment or ammonium sulfate for fertilizer. The sugars can be con-
verted into alcohols and carbon dioxide, acids, ethers, solvents, or surfactants either by direct
chemical conversion or through fermentation or a combination of both.

The successful implementation of Arkenol’s technology will lead to decentralized and eco-
nomic production of fuel ethanol and other biobased chemicals. Arkenol’s ability to use a
wide variety of feedstocks will enable placement of production facilities (or “biorefineries”)
near the market for the products. Large scale conversion of waste materials into fuels and
chemicals is a novel solution to waste management, pollution prevention, and economic
development.

Total Impact Program—~An Environmentally Preferable
Program for Laundry

Anderson Chemical Company’s Total Impact Program® employs chemistry with a more
positive environmental profile for human health and the environment than that used in con-
ventional laundry systems. The TIP® program incorporates a neutral pH detergent enhanced
with enzymes and surfactants that pose low environmental concerns, oxygen bleach, and
biodegradable softeners. The program also saves water and energy and extends fabric life. The
program targets three main impact areas: user safety and health, environmental impact for
pollution prevention via source reduction, and efficiency through resource consumption
reduction by decreasing processed pound costs (decrease in water consumption, energy costs,
and reduced effluent costs resulting from volume and pH factors).

Waste Oil Source Reduction Through Extended Oil
Service Life

According to National Petroleum Refiners Association (NPRA) estimates, 1.1 billion gal-
lons of oil were used in passenger vehicles, and 916 million gallons were used in diesel engine
vehicles in the United States in 1996. Much of the motor oil changed by passenger vehicle
owners is improperly introduced into the environment. The management of used oil is a
major environmental issue because of its hazardous nature. Used oil contains toxins such as
lead, benzene, cadmium, chromium, and other heavy metals. These contaminants can cause
illness in plants and animals and contaminate drinking water. Waste oil has been granted spe-
cial regulatory status, exempting its management from conventional hazardous waste rules in
an attempt to encourage its beneficial use as a source of energy. Overall, this has had some
success in the management of used oil in the business sector. Used oil generated by house-
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holds, however, is currently disposed of improperly at an alarming rate nationally—220 mil-
lion gallons per year as estimated by the U.S. Department of Energy.

In 1972, AMSOIL Inc., introduced the first 100% synthetic motor oil to meet American
Petroleum Institute service requirements, passing performance testing for gasoline fueled con-
sumer passenger vehicles. AMSOIL Inc. has since developed synthetic oil formulas that
extend oil service life up to 11 times that of conventional petroleum lubricants in consumer
and commercial automobile and truck service, and much longer when used with an oil analy-
sis program. AMSOIL Inc. also manufactures extended life, premium-grade lubrication and
related products for commercial and industrial applications, including hydraulics, compres-
sors, gears, and diesel-engine power plants. The scope of AMSOIL lubricating products’
ability to provide uncompromising engine and machine wear protection, while reducing the
volume of waste oil generation at the source, benefits the consumer, the commercial goods
and services provider, and the upstream industrial entity. Synthetic oil basestocks are com-
prised of well-defined particular molecule types that can be designed for specific performance
characteristics. One distinct advantage over crude petroleum is that they can be tailored to fit
the requirements of the application. The uniform molecular structure of synthetic oil bases-
tocks reduces the lubricant volatility (aromatic boil off) in extreme heat, which in turn
reduces oil consumption. With long drain synthetics, the average American can use 75% less
oil, reducing the volume and potential for accidental environmental contamination.

Zero-Waste Dry Plating of Cadmium

Electroplated cadmium is widely used in the defense and aerospace industries for the cor-
rosion protection of steels. Cadmium, however, is a known toxic material. In addition, the
electroplating process generates large quantities of toxic sludge and effluents. A typical medi-
um-sized electroplating shop, for example, discharges well over 100,000 gallons of effluents
daily and disposes 15 to 20 tons of hazardous sludge per week. As an alternative to this con-
ventional process, lonEdge Corporation has developed and commercialized a novel
“zero-waste“ dry plating technology. The dry plating does not use liquid chemicals and recy-
cles solid materials in situ resulting in elimination of waste. In this dry plating technique, a
vapor-bath concept has been used in vacuum as opposed to the liquid bath of electroplating.
This vapor-bath allows for multidirectional and economical plating of cadmium only on the
intended parts resulting in a green technology. In addition, the amount of water used, fil-
tered, and deionized on the line is reduced by at least an order of magnitude, and the energy
consumption in the dry plating operation is only 35% of that in electroplating. Estimated
waste treatment and disposal cost savings on the dry plating line are greater than $1,000 per
day, and the capital costs in setting up the line are substantially lower. At IonEdge
Corporation facility in Fort Collins, Colorado, a complete dry plating line has been set up
for production. The plating line consists only of four processes and a quality inspection as
opposed to more than a dozen baths and related operations in the electroplating. This plat-
ing line has been certified by a major acrospace parts supplier, and two dry plating machines
are in service for plating cadmium on aerospace components.



The Zyvax “Watershield” Mold Release

Zyvax Watershield is a unique material for its intended purpose as a mold release for aero-
space adhesively bonded parts or fiberglass and other composite aircraft/spacecraft structures.
It contains no volatile organic compounds, ozone depleting chemicals, or other solvents and
materials considered hazardous by EPA or state or local regulatory agencies. Furthermore, as
a wiping agent, the Watershield could be used as a precleaner for molds for both initial and
subsequent applications. And its residues could be easily removed with water or water solu-
ble cleaners, therefore significantly reducing the need for solvents to remove Watershield
residues prior to painting or sealing. It therefore avoids environmentally sensitive materials
not only in its formulation, but also by its proper use. Watershield was so effective a release
agent that its use was enthusiastically adopted by a number of aerospace companies who
found they could eliminate significant solvent use, satisfying environmental, health, and safe-
ty concerns. Watershield eliminated hazardous materials in an area of aerospace
manufacturing that EPA had exempted from its regulation because of the absence of avail-
able replacement technology and the critical nature of the application. Therefore it allowed
the elimination of hazardous material without an absolute regulatory requirement.
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ADVAFLEX™ Organic Stabilizer

ADVAFLEX™ Organic Stabilizers (ADVAFLEX) are novel organic PVC heat stabilizers
primarily geared toward flexible PVC applications. While PVC is a versatile polymer with
many useful properties, it cannot be processed without the addition of heat stabilizers.
Conventional flexible PVC stabilizer technology relies on complex mixtures consisting of as
many as 10 components, with primary active ingredients that include lead, cadmium, and
barium compounds with metal contents in the range of 8 to 10%. Most of the components
originate from nonrenewable resources and many are health and environmental hazards.

ADVAFLEX™ is an entirely new concept in PVC heat stabilizer technology that offers
numerous advantages over conventional stabilizers. First and foremost, these are two-com-
ponent systems containing new organo-sulfur chemistry and low levels of metal activators
such as zinc. The performance advantages include excellent thermal performance, competi-
tive costs, good secondary performance attributes, compatibility with co-additives
chemistries, and simplicity of PVC formulation. The environmental and health benefits
include very low metal content (as low as 0.4%); low odor and volatility; and the absence of
barium, cadmium, lead, phosphorous, alkylphenol, and other aromatic chemicals that are
used in conventional technology. ADVAFLEX™ has undergone a thorough toxicity screening
that demonstrates the product is essentially nontoxic, and not mutagenic, carcinogenic, or
environmentally hazardous. The metal activators in ADVAFLEX™ formulations are general-
ly required at catalytic levels and the preferred metal, zin, is a required element of the human
diet. ADVAFLEX™ technology is a commercially attractive alternative that improves on all
aspects of conventional technology, especially with respect to human and environmental safe-

ty.

AGROTAIN—(n-butyl) Thiophosphoric Triamide

Urea is now the favored form of solid nitrogen-containing fertilizer and is rapidly dis-
placing anhydrous ammonia in the nitrogen fertilizer market. The market share of world
nitrogen consumption has risen from 5% in 1962 to 37% in 1986 for urea. There are many
reasons for this increase. Urea is a source of nitrogen for crop fertilization that is easily han-
dled and transported, higher in nitrogen content than other common solid nitrogen
fertilizers, and can be readily bulk blended with other fertilizer components such as po